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ABSTRACT
This study investigates the use of light, in the form of daylight, as a 
symbolic element, in selected European and American religious buildings. It first 
examines the symbolic meaning of light in various religions, the psychological 
and physiological influences of light on humans, and the historical tradition of 
light in religious buildings, with its correlation to the religious practices 
conducted in those buildings. Various strategies for employing daylight are then 
surveyed. This paper then presents case studies of notable religious buildings 
which put into practice the techniques previously identified, evaluating the 
resulting symbolic expression of daylight in view of the religious tradition and 
intent. Finally, the conclusions gained from the case studies and the prior 
research are reviewed and integrated into design conclusions and 
recommendations. An applied design project incorporating the principles 
established in the study is included as an appendix.
Ill
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CHAPTER 1 
INTRODUCTION
Statement of Problem: The Reason for Studying 
Daylight in Religious Buildings
The design of any building should deal with the emotional aspects of the 
user's environmental needs as well as the practical aspects that will bring the 
building to its optimal effectiveness. Although input from all the senses 
contributes to the emotional response to a building interior, it is the visual sense 
that provides the most information about the space and the strongest emotional 
impact. In the vast variety of visual information that meets the user, it is the 
user's instinctual response to clarity of design, harmony of color, 
appropriateness of spatial volumes, and the congruence of forms that will 
determine the user's satisfaction even when all practical matters of usability, 
environmental comfort, and convenience are appropriately provided for. 
Nowhere is the emotional response to the building as important as when the 
building serves the purpose of religious observance. Religious practice is an 
overwhelmingly emotional and instinctive activity of human society.
Congruently, the human response to light as a force that emotionally and 
instinctively attracts is one of the most fundamental human instincts. Light is the 
medium by which the most relied-on human sense organ, the eye, operates.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
With light and religion both being such powerful entities in the emotional lives of 
humans, it is not surprising that the two are themselves often linked together. 
Light plays a substantial role in religious mythology and practice, a fact which is 
true across cultural boundaries. It is therefore natural that light should figure 
importantly in the environment in which religious observance takes place—the 
church, temple, mosque. Above the emotional experience of light, cultures have 
infused light as a symbol with myriad religious meanings, as will be discussed 
ahead. A designer of religious buildings should logically understand the 
religious meanings and connotations of light, as well as the techniques for 
achieving the desired lighting effect, to design a successful religious structure.
With its emotional impact, interior light may be the most important visual 
factor in the success of a religious building as an appropriate environment 
evoking both the personal and communal religious experience. Arland A. Dirlan, 
in his essay "Symbolism in Contemporary Church Architecture," identifies four 
visual facets of symbolism in religious buildings: the structure's totality (mass, 
strength, declaration of purpose); its interior atmosphere "that evokes in the 
worshipper an awareness of God;" its detail and ornament; and color. Dirlan 
states that, in creating an interior atmosphere, the most successful 
accomplishments of the past have centered around control of the quality and 
quantity of light (1955). The evocation of the emotional experience must be the 
goal and core of religion: it is, after all, the personal emotional experience of 
religion that sets it apart from secular philosophies that also include moral 
codes, mythology, and rituals (Bishop and Darton 1987,12).
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The human mind, argues C. G. Jung, deals deeply in symbolism (Jung 
1964, 3-4). Religions consolidate collections of symbols that respond 
fundamentally to conscious or unconscious images in the human mind. The fact 
that so many of the same religious images are echoed across cultural lines (as 
demonstrated in further chapters of this study) suggests that religions do 
respond to the same fundamental human needs despite the difference in details. 
Light holds an important symbolic role in most religions, as will be shown in a 
further chapter. This points to an important psychological role for light that is 
universal in humans. The next chapters will discuss findings of psychological 
study concerning light, and the manifestations of this psychological importance 
as seen in the light-symbolism of various religions.
An understanding of the importance of light at the psychological level and 
in religious lore is important for the person who wishes to design buildings to 
house religious practice that will be spiritually successful. A second 
understanding also needed is a knowledge of the techniques by which the 
designer can achieve the desired spiritual lighting effect. This document 
therefore proceeds to present an analysis of various daylighting techniques for 
religious structures, citing built examples as illustrations. The study of effective 
examples of daylighting in religious buildings, for various religious traditions and 
building types, suggested guidelines to be followed in effectively designing such 
buildings.
This study dealt with daylighting rather than artificial light. The traditional 
techniques of lighting up until modem times have involved natural light, 
augmented usually by candles or oil lamps. Flickering flames may contribute
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
considerably to the mood within a church, but they are generally weak sources 
of light and can be varied through the life of the building, their placement and 
intensity not completely under the control of the designer. The architect today is 
capable of daylighting effects not achievable in past centuries, due to new 
flexibilities of modem structural systems and materials. Today's designer can 
also produce new, extraordinary effects with artificial lighting. But as before, the 
designer may not be in control of the ultimate state of the artificial lighting used, 
as it is not necessarily integral with the structure. Daylighting is, instead, directly 
linked to the form, structure, and materials of a building. Daylighting is thus 
closely linked with the essence of the building. Daylighting goals form a give- 
and-take with goals conceming form and structure: the openings that allow 
daylight to penetrate the interior necessarily require the supporting structure to 
go around them, and this interaction substantially affects the appearance of the 
building. In addition, artificial lighting technology changes; daylighting is an 
ancient science, with modem buildings still using some of the same techniques, 
such as skylights and clerestories, that were found in ancient Greek and 
Egyptian buildings. It is for these reasons that daylighting is the focus of this 
study, as an emphasis that will provide the most valid and enduring conclusions.
The final portion of this study examines examples of religious buildings, 
their lighting environment analyzed in view of their religious symbolic 
background, daylighting techniques used, and an evaluation of their lighting 
goals and success in meeting these. The first examples are historical examples, 
followed by contemporary structures. The examples will provide the final link 
among the instinctive and emotional responses to light, the religious context, the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
architectural goal, and the effect of the techniques employed. A final summary 
then draws conclusions from the case studies and the previous research to 
identify general design recommendations.
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CHAPTER 2
THE STUDY OF LIGHT: ITS PSYCHOLOGICAL, PHYSIOLOGICAL,
AND SYMBOLIC FACTORS
Attempts have often been made to categorize the essential elements of 
religion. Bishop and Darton refer to the definition of religion formulated by 
Ninian Smart, who developed a widely accepted analysis which differentiates 
religion from secular ideologies that may seem similar. Smart's definition 
identifies six dimensions:
(1 ) Doctrine: systematization of beliefs and experience
(2) Ethics: moral codes and guides to behavior
(3) Social: institutional forms of religion
(4) Ritual: worship, sacrifice, other sacred acts
(5) Myth: stories encapsulating the group's formal belief
(6) Experiential: personal spiritual experiences
It is this last element, according to Bishop and Darton, the "perception of a 
power or reality beyond normal sense experience," which is the essential 
element that separates religion from other activities which may include the 
previous five elements, such as philosophy. It is no doubt the personal mystical
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experience that is exactly the reason for religion, as other human institutions 
exist which can tend to the other five needs (Bishop and Darton 1987, 7-12).
Light is the most common symbol of this personal mystical experience. 
The connection between the symbol and that which it represents is no doubt one 
reason why light has such a powerful role in religious architecture. However, the 
psychological experience of light itself evokes strong responses in humans 
which are separate from its religious symbolic connection but which still produce 
emotional results comparable to those of the religious symbol.
Psvcholooical and Phvsiolooical Aspects of Light
The pioneering psychoanalysts Freud and Jung pointed to the reactions, 
thoughts and beliefs of human beings as being largely influenced by the 
unconscious. Jung's extensive writings identified the conscious and the 
personal unconscious as the two aspects of the psyche developed by personal 
experiences, and, at the most fundamental level of human psychology, the 
collective unconscious, containing all the thoughts, emotions, and 
apprehensions developed through eons of human ancestors (Jung 1969). The 
collective unconscious thinks the way primitive peoples do, equating an object or 
situation with the emotion felt during the associated experience. To Jung, these 
experiences imprinted themselves on the primitive human psyche and remained 
there in subsequent generations, the image and the emotion associated with 
them persisting as a usually unnoticed element in the modem human mind. "It is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8not storms, not thunder and lightning, not rain and cloud that remain as images 
in the psyche, but the fantasies caused by the effects they arouse," Jung writes 
(1969, 154-155). Light and darkness thus become, on the subconscious level, 
positive and negative, joy and fear, just as the primitive mind observed the 
passing of day and night:
Sunrise and his own feeling of deliverance are to him the same divine 
experience, just as night and his fear are the same thing. Naturally his 
emotions are more important to him than physics; therefore what he 
registers are his emotional fantasies. For him night means snakes and 
the cold breath of spirits, whereas morning means the birth of a beautiful 
god. (1969,154)
With such a connection between light and the emotions concerning 
ultimately the basic survival instincts, it is natural that light should also be 
symbolic in religion, with its focus on those same mysteries of existence.
Other important aspects of human reaction to light have been identified by 
psychologists studying sensation and perception. One indication of light's 
importance can be seen in how we view pattems of lightness and darkness. R. 
L. Fantz studies 2- and 3-month-old infants and found they already preferred 
pattems of light and dark to bright colors. Fantz and Yeh later studies the 
progression of infants' preference for pattems. At first infants prefer simple 
pattems with high contrast; by five months of age their preference shifts toward 
more complex pattems, with subtler variations in contrast. Other researchers 
have found preferences in the type of pattems infants prefer, all seeming to 
favor moderate complexity: curvilinear pattems are preferred to straight lines.
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concentric pattems to non-concentric, and lines with different orientations are 
preferred to those all running in the same direction (Matlin and Foley 1992, 441). 
In adults, bright illumination encourages one to direct one's attention toward the 
outward surroundings, while lower brightness lessens this tendency, forming an 
environment more conducive to work requiring concentration, for instance 
(Birren 1988, 31). And the tendency for the eye to be drawn to areas of higher 
brightness in the visual field is well known. Areas with bright highlights are seen 
to be closer, while visual fields containing high contrast are interpreted as 
having more depth (Matlin and Foley 1992,171).
That light has a strong innate psychological importance is not surprising 
considering the physical importance it has on the human being and indeed on all 
life on this planet. The importance of the sun's effects, including its daily and 
annual rhythms, has been acknowledged by human societies long before history 
had been developed to record the particulars; the existence of ancient 
observatories such as Stonehenge attest to this. It is perhaps modem humanity 
that is less conscious of its importance than has even been the case for our 
species. As twentieth-century people came to depend on their ability to produce 
artificial light, architecture came to disregard natural light to such an extent that 
buildings were even frequently designed without windows, although this trend 
has lessened since the oil-crisis days of the 1970s. Light's physical and 
psychological effects on humans have been widely documented, with a current 
trend toward more scientific study on these effects.
Light's influence on the body, especially the endocrine system, affects our 
energy level, feeling of physical well-being, our mood, our resistance to disease,
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and the overall quality of our bodily health. The yearly rhythms of the sun, in its 
rotation providing different daylengths and light intensities, even affect humans' 
fertility and death; conceptions peak in March, while deaths peak in the month 
from June through December (Hyman 1990, 38, 160). Seasonal affective 
disorder (SAD), to give an example, is a relatively well known psychological 
disorder concerning the physiological effect of light illustrating its power over our 
well-being. Persons with this disorder, usually living in higher latitudes where 
winter days are much shorter than summer days, feel a marked depression 
during the darker months that can usually be improved by exposing them to 
artificial light. The light substitutes for the reduced amount of sunlight, affecting 
the endocrine system as the sun would and triggering the release of mood- 
regulating hormones (Hyman 1990, 93-107). John Ott in particular points out 
that life requires exposure to light that includes the whole spectrum found in 
sunlight, from infrared through the visible light spectrum up through ultraviolet, 
with these wavelengths balanced in power as they are in sunlight. Ott's own 
experiments concentrated on the mixture of light of various wavelengths, 
including the effect of light deficient in certain wavelengths normally occurring in 
sunlight. His experiments show marked physical problems in plants and 
animals, including humans, when exposed regularly to such "unbalanced" light. 
These problems included inhibited growth in plants; increased stiffness and pain 
in persons with arthritis; increased aggression in mammals including humans; 
and even consistently rapid death in rodents subjected to highly restricted 
wavelengths of light. The scientific evidence is thus reinforcing what human 
societies have suspected since their earliest times about the importance of light.
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and sunlight specifically, on humans. With such important and in fact life-giving 
effects, it is no wonder that such strong psychological phenomena and societal 
beliefs are connected with light (Ott 1973, 8-20, 45-58, 107-109, 84-92).
The psychological and symbolic effect of darkness also deserves to be 
discussed, as the absence of light is also a strong emotional force, as can be 
especially true in architecture. As quoted earlier, Jung relates the primitive 
human being's experience of darkness, with the negative and frightful emotions 
that come with it, with the primitive mind's (or the modem unconscious mind's) 
equating the fear with the darkness itself. Seasonal affective disorder, as 
mentioned above, illustrates one specific instance of how darkness can 
negatively affect human mood and behavior; it also one example of the 
physiological disorders, especially with the endocrine system, that can 
accompany darkness. Some religions translate this emotional effect of darkness 
into major aspects of their mythology, as is seen in Zoroastrianism, and as will 
be discussed in the next section. But perhaps the most useful view of this 
psychological effect of darkness, especially with our ultimate goal of relating it to 
ecclesiastical architecture, comes from Edmund Burke's philosophical treatise 
on the sublime and the beautiful, first published in 1757 and published 
numerous times since.
To Burke, darkness is productive of the sublime, which he defines as "the 
strongest emotion which the mind is capable of feeling" (1958, 39). Whereas 
beauty is a function of relaxation, associated with a feeling of safety and 
goodness, the sublime is associated in our mind with pain and danger. The 
sublime, in its strongest manifestations, produces astonishment, "the state of the
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soul in which all its motions are suspended, with some degree of horror;" the 
affected person is unable to relinquish the thought of the object causing the 
sensation or to reason. Astonishment is the highest form of the sublime; other, 
lesser reactions to the sublime are admiration, reverence, and respect (1958,
57). Darkness and obscurity are "uncertain, confused, terrible, and sublime to 
the last degree" (1958, 59), accompanying such sensations as terror, privation, 
vastness, infinity and magnificence as manifestations of the sublime. Light, 
other than extreme light such as lightning or the sun, does not produce the 
sublime as does gloominess; light, instead, belongs grouped with the aspects of 
the beautiful, which include delicacy, elegance, smoothness, smallness, 
softness, and even pastel coloration. To Burke, sublime objects impress us with 
the possibility of causing us pain, whether they actually are likely to or not, while 
those that are beautiful impress us with the idea of producing pleasure within us. 
Feelings of beauty can never be as great as feelings of the sublime, with their 
root in varying degrees of terror and related to pain and ultimately to the idea of 
death. In short, the sublime is related to the instinct of self-preservation, the 
strongest instinct of all (1958,117,133, 39-40, 86).
As concerns architecture, Burke's own view is that buildings whose goal is 
to produce feelings of the sublime should be dark and gloomy, with as high as 
possible contrast between areas of light and darkness. But the designer of 
religious structures, in visualizing the emotion-generating goals of the structure 
to be built, may be better served with an analysis of religion itself using Burke's 
viewpoint rather than adopting Burke's design theories. To interpret Burke's 
sublime, then, it is associated with preserving the ultimate mystery of existence.
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life. Religion can be seen as relating precisely to that one mystery as well. The 
individual religious experience identified by Ninian Smart as the experiential 
dimension of religion in fact produces emotions similar to those of Burke's 
sublime: as Bishop and Darton describe them, "the feelings of awe and wonder, 
the sense of approaching a mystery, the apprehension of some power or quality 
greater than oneself...intimation of a supernatural power or reality" (1987, 12). 
Bishop and Darton even point out that that which is holy is often sensed dually 
as, on one hand, immensely beneficial and, on the other hand, "awesome and 
dangerous," fitting in exactly with Burke's sublime (Bishop and Darton 1987, 26). 
Burke's sublime then may be a fitting description of the emotions of the personal 
religious experience, although his treatise was not intended specifically to relate 
to that facet of human activity. These two ideas, that (1) physical phenomena 
that can produce sublime emotions and (2) that personal religious experience is 
naturally filled with sublime qualities, together provide a strong overall guideline 
for the design of buildings that will serve religious purposes. Light quality, with 
its strong physical and emotional influence on humans, contributes strongly to 
both those ideas, even assuming an overwhelmingly symbolic role, as described 
in the next section.
Psvcholooical Research on Architectural Lighting
Burke's approach to the question of appropriate architectural 
lighting was philosophical, not scientific. The study of psychometrics, which
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quantifies human response to stimuli, was in fact undeveloped in his day. A 
handful of researchers, notably Flynn and those who worked with him, have 
specifically studied the psychological effects of interior light on building 
occupants with a focus on emotional response. (The much greater number of 
psychological researchers have focused on more objective factors concerning 
accuracy of perception in different lighting situations.)
In the area of mood-related effects of architectural lighting, Flynn and his 
associates have produced some of the most influential studies. Their 1973 
study had participants rate different lighting situations on semantic differential 
scales in five dimensions; evaluative, perceptual clarity, spatial complexity, 
spaciousness, and formality. The evaluative, or judgmental dimension, is the 
most interesting as related to the present study in that it involves most 
specifically the emotional aspects. Flynn found that on the evaluative factors 
such as friendly, pleasant, sociable, relaxed, interesting and likeable, rooms with 
a variety of lighting scored the highest while those with only overhead diffused 
lighting scored the lowest. Flynn's work also pointed out lighting environments 
that enhance subjective impressions in the other dimensions he named. 
Perceptual clarity was enhanced by bright uniform lighting with some wall 
reflectance; spaciousness, by uniform wall lighting; relaxation, by nonuniform 
lighting with an emphasis on wall rather than overhead lighting; and privacy by 
nonuniform lighting, with lower intensities in the area near the occupant 
(Salvendy 1987, 679-80; Kaufman and Haynes 1981a, 2-2 -2-3).
Birren's previously mentioned observations of the tendency of light areas 
to draw the eye and of the attention-focusing characteristics of environmental
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brightness (brightness encouraging outward focus, darkness encouraging 
inward) are also especially applicable to architectural environments. More 
design recommendations that derive from findings such as these will be 
discussed in the next chapter.
Light as Religious Svmbol
Light is an almost ubiquitous symbol of personal religious experience. 
The theologian Edwyn Bevan calls light "one of the things in the physical 
environment of man which, from the earliest times we know of, has peculiarly 
impressed him and been most closely associated with his thoughts of the Divine" 
(1938). The religious historian Mircea Eliade wrote an extensive study on the 
religious symbolism of light in many non-Westem cultures preceding 
Christianity. Light in various forms-lightning, fire, glowing bodies-in many 
religions in the symbol for a variety of ideas: special knowledge, ultimate truth, 
purity, the world beyond. Light is especially associated with the exceptional 
qualities of mystics, or persons who have special knowledge or powers. Certain 
Eskimo shamans attain their status through a period of long spiritual preparation 
followed by a flash of light accompanied by a lightning-like sensation. The result 
is clairvoyance and an ability to see physically remote occurrences (Eliade 1969, 
22-23). Some Australian tribes also consider their medicine men to be filled with 
light that gives special powers-in this case, their body is filled with "solidified 
light" in the form of quartz, a celestial element according to their mythology. As
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with the Eskimos, the light again imbues the medicine men with special abilities 
such as clairvoyance and the ability to see physically remote actions (Eliade 
1969, 24-26).
Indian religions traditionally contain many complex uses of the symbol of 
light. The Upanishads proclaim that light is being, and that man receives 
knowledge of being by experience the light. Light is associated here with a 
theme common to many religious including Christianity, the idea that the light 
symbolizes or brings a secret knowledge known by those who have been 
initiated into the cult. Buddha, after a night of meditation, "raised his eyes to the 
sky and suddenly perceived the morning star," receiving the sought-after 
knowledge along with the light, comparably to the many illumination stories in 
Christianity in which the holy gain knowledge by beholding all manners of light, 
from stars to burning apparitions (Eliade 1969, 26-28). Certain Indian schools of 
Yoga outline lists of various colors of light, which may be in the form of the 
moon, mist, sun, smoke, sun, or fire; the lights correspond with achievement of 
knowledge of each of the cosmic elements (Eliade 1969, 29-30). Light in Indian 
faiths is often the essence of divinity and of perfection of being (Eliade 1969, 32- 
33).
In general, Indian faiths and Indo-Tibetan Buddhism consider light to 
represent the ultimate reality: consciousness of self and of the divine world. 
Experiencing the light, one transcends the profane world, attaining supreme 
knowledge, ultimate reality, absolute freedom (Eliade 1969,43-44).
Chinese Taoism utilized the light symbol in a slightly different sense. As 
in India, experiencing the light denotes a passing beyond the profane world. But
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while the focus in Indian faiths is the ultimate deliverance from the profane world 
into the divine, the Taoist goal is eternal life that is completely in balance with 
the rhythms of the cosmos (Eliade 1969, 45-6). As noted earlier, the worldly 
rhythms we humans are guided by are again a function of the sun's light.
This overview of non-European views of symbolic light demonstrates that 
light is a universal symbol for special knowledge, supernatural knowledge, 
knowledge of ultimate reality, as is also true in Western Christianity. Bevan 
states that "in all great religions of antiquity the chief gods are characterized by 
their connection with light," citing the Egyptians' Amen-Re, the local god 
combined with the sun god, and the primitive Aryans' visionary hallucinations of 
numinous (shining or burning) objects-comparable to Moses' apparition of the 
burning bush (Bevan 1938, 129-130). But a clear predecessor to the Christian 
mythologies concerning light can be found in Persian religions. Zoroastrianism 
elaborated upon the idea and symbol of illumination as goodness and divinity 
(Eliade 1969, 50) creating a structured dichotomy methodically contrasting it with 
darkness, representing a specific evil power (Bevan 1938, 130). Persian myths 
concerning light specifically correlate to later myths adopted by Christianity. For 
example, a prominent Persian myth was of a supernatural star that would 
announce the birth of the savior (Eliade 1969, 51). These myths also contain 
numerous mentions of luminous manifestations such as pillars of fire, stars that 
shine brighter than the sun, shining persons, and so forth (Eliade 1969, 54)
Light as a religious symbol is found in pre-Hellenistic Greek literature but 
becomes much more prevalent in the Hellenistic age. Bevan believes a reason 
for this is that the Hellenistic literature is concerned with the idea of a special
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knowledge not possessed by the ordinary man can bring salvation from death, 
and the vagaries and baseness of day-to-day worldly existence. Bevan links the 
idea of this special knowledge with the idea of physical light allowing for clear 
vision and thus a sure course through the physical world, suggesting that the 
analogy between the two is so close as to give rise to the metaphor of light 
actually being the knowledge, of "enlightenmenf'-gaining light-by the act of 
attaining the knowledge. The polytheistic Greek pagan religions before the 
Hellenistic area were not concerned with the idea of a special knowledge known 
only by those who have been initiated, and thus their literature did not greatly 
utilize light as a symbol for "enlightenment" in our sense of the word (Bevan 
1938,126).
The Old Testament adopts a dichotomy of light and darkness, like 
Zoroastrianism, but here the darkness does not represent evil but chaos, 
separate from the world that was created by Jahwe. The light is analogous to 
heavenly creation, to that which is created by God, and is therefore sanctified. 
Early Christianity continues, and is rife with, this illumination metaphor. The 
initiate receives illumination-divine knowledge and grace-at the sacrament of 
baptism; Christ was literally illuminated as he passed into the state of pure 
divinity at his Transfiguration. Baptism is repeatedly associated with the literal 
illumination of fire; the Holy Ghost appears as a flame, as in the burning bush; 
Moses in Exodus 34 descends from Mt. Sinai with the law, shining frightfully; St. 
Paul is blinded by an intense light that leads to his conversion (Eliade 1969, 56-
58).
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Bevan points out that light as a religious symbol for knowledge, truth, 
reality encompasses more than "the intellectual apprehension of reality," but 
also a second, emotional element: the sensual pleasure of physical light, the 
physical and emotional awareness of existence given by light, and thus the joy of 
life, thus life itself. The various meanings of light-the physical realities of light; 
its symbolic use as knowledge, joy, and truth; and the non-rational, intuitive 
understanding of this by human beings-meld into one another so it becomes 
unclear which meaning is predominant when we say, for instance, "God is light." 
The interpretation of such a metaphor is best served when the statement is 
taken simply in the emotional sense, and accepted in the symbolic sense, 
without trying to analyze it rationally; people understand intuitively what is meant 
by a metaphor such as "God is light" (1938, 139-141 ). Bevan's analysis echoes 
Jung's discussion of the mythical images, in which the emotional effect of the 
object becomes the same thing as the object.
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CHAPTER 3 
ARCHITECTURAL DAYLIGHTING
Numerous design recommendations and studies have been produced 
concerning daylighting, and lighting for various visual tasks. Many times, in 
studying a particular church for its overall architectural value and design, 
analysts also mention its interior light quality. Daylighting has, however, been 
approached mostly from a standpoint of providing ample light for the particular 
demands of the visual tasks occurring within rather than for the psychological 
effect on the occupant Furthermore, the study of daylighting in churches as a 
general experience-enhancing tool has been virtually untouched.
Techniques of creating a symbolic and emotional effect with daylight in 
religious buildings were limited up until the modem period with the available 
building techniques and structural materials. Early Roman Christian churches 
were underground by necessity, due to political persecution. They were thus 
strictly utilitarian gathering places, unable to express the religious exaltation of 
illumination, their artistic and symbolic expression restricted to techniques such 
as murals and mosaics. Construction techniques in the following centuries also 
did not allow for such manipulation of daylight to create an emotional effect, 
relying on the shape and layout of the structure and interior decoration and art to 
express the symbolism of the faith. Churches from the earliest times through the 
Romanesque era were relatively dark inside: the small windows afforded by the
20
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structural system allowed relatively little light, with candles used for artificial 
illumination. There were exceptions that attempted to surpass the structurally 
prescribed gloominess: for example, Istanbul's Hagia Sophia, with its hitherto 
unsurpassed dome and interior volume, succeeded in creating brightness high in 
the structure that draws the eye upward. But its brightness still contrasts 
strikingly with the darkness in some of the more enclosed areas, such as the 
aisles.
It is not until the Gothic skeletal structural system was developed that 
designers had a measure of control over church daylighting. The Abbey of St. 
Denis outside Paris is commonly considered to have initiated Gothic church 
construction, replacing previous heaviness of masonry with technological 
advances that allowed a lightness of appearance that included much larger 
windows than before. It is not until the nineteenth century that the next major 
advances in materials and technology provided for more flexibility in daylighting, 
and not until the twentieth that these advances were taken advantage of in 
ecclesiastical architecture.
Today, with modem building technologies, it is largely possible to provide 
any form, with any system of daylighting, a designer desires. Ironically, it is 
probably fair to say that with the increased technological possibilities of 
structures to provide daylighting, it has largely been ignored by architects in 
favor of artificial illumination. As electric power becomes more expensive, more 
attention will probably be paid to the economies of daylighting. The 
psychological benefits of daylighting, however, may be the more important
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aspect, especially in the design of religious buildings where lighting is desired 
that will affect the mood and emotions.
Davliohtina and Sunliohtino Structures
While daylighting is the term most often encountered in the 
literature, Lam makes a distinction between daylighting and sunlighting. 
Daylighting is the use of diffuse light from the sky while sunlighting uses direct 
sunlight for illumination and heat gain (1986, xiii). Evans, on the other hand, 
uses daylighting to encompass both. This study will use the term daylighting to 
encompass both terms, except where sunlighting is specifically mentioned.
Daylighting is an ancient art that continues to be refined as designers 
examine its practices methodically and discover new variations on its 
techniques. Indigenous architectures have always dealt with the sun as the 
chief source of illumination and have developed standard techniques; in the 
cloudy countries of northern Europe, large windows located near ceilings allow 
diffuse light from the overcast sky, while architecture from sunny, arid climates 
employs small, shaded windows low in the wall allow light to reflect in from the 
ground and surrounding buildings (Lam 1986, xiii). The structures used today in 
daylighting are, with a few exceptions, the same structures that have been used 
for centuries.
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Lam categorizes sunlighting techniques into sidelighting, toplighting, and 
toplit shared central spaces. These categories are equally effective in 
describing daylighting techniques in general, and will be used in this study.
Toplighting may be achieved by the clerestories employed since Egyptian 
times; oculi, as in the Roman Pantheon; or a continuous band of small windows 
around a raised dome, as in Hagia Sophia. Less ancient techniques include roof 
monitors, skylights, light scoops, and sunscoops.
Sidelighting is achieved by using windows in the conventional way, but 
modern daylighting designers have the benefit of both extended research in the 
indigenous methods and systematic study of various techniques to optimize 
sidelighting. These include innovations in arrangements of baffles, reflectors, 
and sun shelves as well as revival of ancient techniques such as the middle 
eastern mishrabiya and claustra (fine-textured screen to filter sunlight and 
reflected light and allow air circulation).
In his classification of toplit shared central spaces, Lam covers the 
techniques of courts, lightcourts, atria, litria, and lightwells. His classification of 
the court covers enclosed yards in the usual sense, with space open for use by 
building occupants. The lightcourts differs from this in that its sole purpose is to 
allow light into the buildings, without allowing a space for users to occupy. An 
atrium allows some sunlight into the building, providing its "sparkle" to building 
inhabitants. A litrium goes beyond this, with the purpose of admitting sunlight 
into the spaces adjacent to the litrium. While a litrium usually contains 
inhabitable or viewable spaces, including plantings, a lightwell is an uninhabited, 
utilitarian shaft which, like the atrium, allows light to adjacent spaces. These
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lightwells may be discreet spaces, not drawing attention themselves as litria and 
atria do but merely providing light into the interior of the building (Lam 1986, 
157-166). Lightwells can even extend deep into the ground to provide natural 
light to underground spaces, as is accomplished with the mirrored shafts of the 
Civil/Mining Engineering Building at the University of Minnesota (Carmody and 
Sterling 1983, 84-93).
Two other techniques not outlined in Lam's classifications deserve attention. A 
number of modem buildings employ all-around lighting by use of glass for the 
entire building skin. This technique combines Lam's toplighting and sidelighting. 
Examples of this include Johnson and Burgee's Crystal Cathedral in Garden 
Grove, California, which is addressed as a case study below in this document. 
Another, though an uncommon, technique is bottom lighting. This is illustrated 
in Eero Saarinen's M I T. Chapel, which uses light bounced from a pool of water 
to enter the building around the bottom edges of its walls (which also appears as 
a case study in this document). Although bottom lighting is little used, it 
provides numerous possibilities for further study and application. Bottom lighting 
can have interesting perceptual effects. Humans assume that light comes from 
above; when faced with light coming from the bottom, optical illusions can occur 
in which in-and-out contours seem to be reversed (Matlin and Foley 1992, 169- 
70).
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Design Tools Available
Light levels available from the sky vary widely. Solar radiation in a clear 
sky can be 10,000 footcandles (fc) at sea level, while illumination on a cloudy 
day can vary between this figure and 2,000 fc (Lam 1986, 43, 47). It is well 
known that most light in the clear sky comes directly from the sun, with the 
surrounding area increasingly darker as the angle from the sun increases; the 
overcast sky in comparison is brighter than the clear sky, as the sun's light is 
diffused over the area of the sky dome. This difficulty in predicting daylight may 
be a major reason why architects rely so heavily on electric lighting.
Procedures and aids available for calculating interior light levels are for 
the most part intended for use in the design of artificial lighting systems. lES 
illumination recommendations, which are the most widely used and influential 
guidelines, concentrate on providing sufficient light for various visual tasks. The 
approach of providing high uniform light levels, and emphasizing artificial light, 
presents problems especially with the symbolic, mood-enhancing role of light in 
buildings. The first is the assumption that there is a certain optimum lighting 
level for a particular visual task. Many visual tasks can be performed in any 
brightness to which the eye is adapted; rightness ratios within the visual field are 
more important, as the light level in one part of the field must not interfere with 
the eye's adaptation to the rest of the field if the eye is to see in both. Glare 
control is important in maintaining the optimal contrast, because glare reduces 
contrast.
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Another problem is that recommended illumination levels themselves are 
notorious for fluctuating greatly according to current fashions. Light levels for 
religious buildings (specifically, spaces meant for the performance of religious 
services) based on lES charts may make little sense overall since the role of the 
lighting system is not necessarily to create the clearest possible vision. A more 
credible role is to create an atmosphere conducive to the proceedings.
A particular problem with recommended light levels is that, in their quest 
for a uniform high light level, they ignore the psychological and physiological 
needs of the occupant concerning variation in light levels. The human eye 
physically needs change in the visual field; it is dependent on variety, movement 
and change to function, ceasing to function when these are completely absent 
from the visual field. But more importantly, building occupants crave visual 
variety. Use of natural daylight is an optimal way to provide this, as daylight 
itself varies constantly throughout the day. Light from different directions is 
crucial for occupants to make sense of the three-dimensionality of the 
environment. Variety in light gives the viewer information on the state of the 
environment, such as the time of day and the weather building occupants may 
react strongly when such information is not available (Lechner 1991, 278). 
Variety in lighting provided the "delight" mentioned by Lam, the pleasant 
emotional response that should be a part of any occupant's experience with a 
building (Lam 1986, 4). Still, the emotional effect of daylighting is a subject 
about which little data are available specifically concerning occupants' reactions 
and corrective or preferred design recommendations. The subject was 
addressed by daylighting proponents Lam, Lechner, and Evans, but it seems to
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have been addressed more as related to residential buildings than other types. 
The emotional effect of lighting, when addressed by others, was generally 
discussed as it relates to retail store, restaurant and nightclub settings, and was 
concerned almost exclusively with artificial lighting.
Nevertheless, some tools are available to the daylighting designer. The 
daylight design guideline published by the lES essentially recapitulates the 
principles presented by Lam and many other writers. Lam discussed the 
necessity of weather data to predict available sunlight but pointed out that much 
of the weather information available is far from ideal for application by designers. 
The National Oceanographic and Atmospheric Administration's (NOAA) Local 
Climatological Data Monthly Summaries list minutes of sunshine recorded per 
day, percent of total possible sunshine received, and sky cover for light and dark 
hours per day measured in tenths from 0 (completely clear) to 10 (completely 
overcast). This data, with interpretation, can give the designer clues on the 
intensity and amount of direct sunlight, and to a lesser extent skylight, to predict 
for a geographical area. The designer could use this information to identify the 
natural light's adequacy for illumination of activities inside the proposed building 
and the need for controlling solar light (including glare) and heat.
Evans presented charts for predicting illuminances on horizontal and 
vertical surfaces under various sky conditions (1981, 99, 103). Sun path 
diagrams are widely available to identify the sun's position at any time for a 
given latitude, as are sundial charts that can be used with physical models to 
simulate the sun's direction for a chosen time and date (Brown 1985, 8-20). The 
same can be done on a sun machine or heliodon. Lam, Evans and Lechner all
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endorsed the use of three-dimensional building models to determine the sun's 
effect on a proposed design. Brown furthermore provides devices for 
determining daylighting conditions by plotting sky cover and for determining 
availability of illumination levels with daylight availability curves (Brown 1985, 
30-32).
lES Design and Analvtical Approaches
Despite the drawbacks in their orientation toward numeric 
standards and artificial light sources. Illuminating Engineering Society (lES) 
procedures are nevertheless helpful in formulating an overall design to lighting 
including daylighting. A knowledge of the standards is also fundamental to 
being well-versed in lighting design in general, as the lES is the most influential 
lighting organization in the U. S.
The lES provides design application recommendations and 
procedures for general lighting systems, daylighting, and lighting of specific 
building types including churches. In evaluating a lighting goal, the lES notes 
two kinds of environmental lighting systems that differ in their focus and in their 
psychological effect. The first category is systems that flood the space 
indiscriminately with high or uniform levels of overhead light. This system 
promotes clarity, flexibility and utility, being good for manual tasks, circulation, 
and changeability of furniture placement. Psychologically it is considered 
neutral; occupants are likely to perceive its effects as bland.
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The second category is systems that develop specific pattems of light and 
shade to reinforce selected information or room cues. These systems are 
psychologically manipulative, affecting user orientation, room comprehension, 
impressions of activity setting, and communication of ideas or mood. Buildings 
for religious observance can easily be said to fall into this second category.
The distinction between the flat and patterned light approaches is derived 
from a more fundamental technique: the distinction between vertical and
horizontal illuminance. Light falling on vertical surfaces has the most favorable 
psychological effect, including the aspects of excitement, interest, and even 
orientation. Light falling on horizontal surfaces, conversely, has been the 
traditional focus of recommended lighting design techniques and calculations. 
This again points out that such traditional approaches may be especially 
inappropriate for buildings in which the manipulation of psychological effect is a 
primary goal (Kaufman and Haynes 1981a, 1-2).
Interestingly, the lES discussion of lighting of churches and synagogues 
approaches the task not for psychological effect but rather from the standpoint of 
providing sufficient light for the visual tasks being performed. This suggests the 
analysis could be validly performed the same way as for an office building, 
classroom or factory. The lES guideline concentrated on the visual tasks of 
reading, recognizing people quickly, relieving shadows and illuminating the 
proceedings sufficiently. Its two or so pages of text offered little insight into 
lighting's psychological role in these settings, but do show the pervasiveness of 
the sufficient-light approach over the emotion-manipulating approach (Kaufman 
and Haynes 1981a, 7-2 - 7-4).
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Luminance Environment Design Approach
Although the lES's luminance environment design approach, was 
developed specifically for use in designing artificially lit environments, it contains 
elements that are useful in the overall approach to lighting that includes 
daylighting. The guideline has three major steps:
(1) Determine the visual components of the space (various zones, focal 
centers, level of stimulation).
(2) Determine the desired appearance of objects in the space (diffusion, 
sparkle and highlight, color rendition).
(3) Select luminaires by (a) the engineering (technical) study and (b) the 
architectural (aesthetic and design) study.
The discussion of zones in the first step contains some especially useful 
recommendations. The lighting system should identify centers of primary and 
secondary attention, with illuminances that are five to ten times higher than the 
surrounding surfaces. The ceiling will usually be of secondary importance, with 
its light level appropriate to a secondary entity. The perimeter should be 
brighter than the ceiling, if a sense of relaxation is desired. Visual clutter is a 
condition that should be avoided. The occupied space is usually to be the zone 
of primary focus and should be illuminated accordingly in comparison with the 
overhead and perimeter zones. (This of course may not be the case in a 
religious building whose purpose is to facilitate meditation.) Transitions between
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zones may be barely noticeable if the illuminance ratios between adjoining 
spaces is 2-3:1 or less. A ratio of 10:1 produces a clearly noticeable change, 
while a ratio of 100:1 is seen as an abrupt change.
The guideline concludes with a procedure for determining the overall 
illumination level: The qualitative evaluation of these levels is that lower levels 
may be seen as dingy, and the lack of stimulation they afford may produce 
boredom, whereas dark areas may be subduing or relaxing, or may be dramatic 
when they include bright highlights. Spatial pattems of brightness, color and 
sparkle tend to stimulate interest and vitality.
A useful analytical view of lighting systems was addressed in these 
procedures as the "architectural context of luminaires." Within this heading the 
guideline identified another facet in analyzing approaches to lighting system 
which it called visually-subordinate and visually-prominent lighting systems. 
Visually subordinate systems hide or play down the actual light source, while 
emphasizing the surfaces to be lit. In visually prominent systems, the light 
source draws attention to itself-for instance, a Gothic stained glass window. 
These categories are useful in analyzing existing lighting systems and were 
used in the case studies that follow (Kaufman and Haynes 1981a).
Computerized Davlichtino Design Assistance
Numerous computer programs are available to assist the designer 
in predicting the behavior of the sun. Programs exist to analyze available
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illumination under varied conditions, interior illumination considering room 
configuration, heating/air conditioning effects of a chosen configuration, and 
shading needs. Most software programs are available for DOS or Macintosh 
machines or both, and often are available at low cost.
While more programs are currently available for test analysis of a 
proposed design, some exist for use in the schematic design stage. Daylit (IBM, 
UCLA Graduate School of Architecture and Urban Planning) is one such 
program that produces a three dimensional graph listing the performance of a 
desired variable related to the time of day, time of year, and orientation. Daylite 
2.0 (IBM and Mac, Solarsoft, Burlingame MA) is a daylighting analysis program 
that is said to be useful at early stages of design. Sunpatch (David Lord, San 
Luis Obispo, CA) shows sun position and calculates sun penetration for up to 32 
windows simultaneously. Aesop (IBM, Harvard University Graduate School of 
Design) provides sun angle data and generates suggested shading devices for 
windows. Shadow (Elite Software Development, Inc., Bryan, TX) also analyzes 
glass shading devices, and calculates as well the shading effect from 
surrounding buildings and trees. The Microlite series (Lighting Sciences, Inc., 
Scottsdale, AZ) generates indoor and outdoor lighting analyses for both 
daylighting and artificial light (Lechner 1991, 503-6).
Many more programs are available that consider solar irradiation for the 
purposes of energy analysis, including the CALPAS series (IBM, Berkeley Solar 
Group, Oakland, CA), and those listed in ASHRAE Joumal's HVAC&R Software 
Directory (Stein and Reynolds 1992, 1539).
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Considerations in Davliahtina Design
Daylighting possibilities are of course a product of the quality and amount 
of daylight provided by the local climate. As pointed out earlier, Lam recognized 
the need of Europeans to allow as much light as possible from their frequently 
overcast skies into their buildings, while peoples in arid sunny climates wish to 
provide light while minimizing the sun's glare. Another obvious factor is the 
temperature as related to human comfort: we want to admit the sun's heat in a 
cold climate, keep it out in a hot climate, an do both seasonally or even daily 
where the climate is temperate. Lam, Olgyay and Evans all provided numerous 
designs for devices to allow the desired light and keep out glare and excess 
heat. Numerous other authors have also contributed to make this a field in 
which information is now widely available. In general, glare must be controlled 
to keep contrast in the visual field from becoming too great. The eye will adjust 
to the brighter area, making it unable to see in the darker area. Direct sunlight 
may be dozens of times brighter than the interior of an average building (Lam 
1986, 11). However, sunlight also provides sparkle, which Lam quotes from the 
Webster dictionary as being "an attractive brilliance." High contrast within a 
building is also dramatic, possibly producing an emotional effect that is desirable 
to the person designing a religious building. One rule of thumb states that 
contrast ratios within the entire visual field should not exceed 80:1 (Stein and 
Reynolds 1992, 1071), but this criterion may not be applicable if one intends to 
create a dramatic interior effect. The needs for drama, sparkle and visibility thus
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must be carefully balanced. (See Appendix 3 for recommended brightness 
ratios).
Two general statements about solar heat are important in daylighting 
design. First, direct sunlight causes solar gain, while reflected light does not to 
the same degree. Second, light entering a building through glass heats the 
surfaces it illuminates beyond the glass. The first generalization points to the 
use of reflected light in cases where heat gain is not desired, but it also means a 
weaker light. Sunlight is also more directional than reflected light; sunlight 
falling directly on a dark surface may illuminate less than light falling onto and 
reflected from white surfaces. The issue of solar gain through glass may cause 
little trouble in a cold climate but in other climates it requires the designer to 
balance the importance of direct sunlight versus a problem of unwanted heat. 
Tinted or heat absorbing windows may be effective against heat, but they also 
reduce the brightness of interior light, which may not be desirable. The heat 
energy of sunlight landing on interior surfaces may be stored by a surface that 
has thermal mass and acts as a passive solar collector; this heat energy is 
released later when it is needed, as the ambient room temperature becomes 
cooler. Sunlight landing on a pool of water may act this way, collecting the sun's 
heat while reflecting its light. The designer who employs sunlight must therefore 
balance its admission with the brightness levels needed and arrange for the 
blocking or storage of its heat (Lechner 1991, 314).
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Surfaces
Color and texture of surfaces affect tfie lighting environment in an interior 
space. White and reflective surfaces provide maximum illumination in a space lit 
by reflected daylight. Rough surfaces, when directionally lit, may create 
dramatic textures of high contrast. Specular surfaces may call attention to any 
flaws and irregularities in themselves. The color of a surface will affect the color 
of objects receiving its reflected light; extensive studies have been done on the 
psychological effect of colors on humans, as outlined by Birren.
Rules of thumb are available providing recommended reflectances for 
floors (20-40%), walls (40-60%), furniture and equipment (25-45%), and ceilings 
(80-92%) (Stein and Reynolds 1992, 1071). The main goal of these 
recommended levels, however, is to provide optimum brightness levels and glare 
control for the performance of visual tasks, thus stressing physiological needs 
rather than psychological effect. The designer of religious buildings thus will be 
able to find adequate information to guide materials choices for optimum vision 
but will need guidance from a well-considered overall daylighting concept to 
"know when to break the rules: to achieve the desired psychological effect.
Artificial Lighting
Artificial light can be used as a supplement to compensate for 
times of overcast skies, for night use, or as an adjunct for normal use during
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daytime. Lam points out that such supplementary light should hannonize with 
the forms and patterns of the daylighting system used. Illuminating the same 
surfaces as illuminated by the daylight is the simplest way to achieve this. A soft 
indirect light, for example, can then be used to lighten any dark spaces not 
reached by the natural light and thus reduce contrast within the space (Lam 
1986,181-2).
Some building also use banks of lights controlled by photosensors or 
manual switches to turn lights on or off according to the natural light level at the 
moment. When these are operated with dimmers, the change in light is gradual 
enough that it is not disturbing to occupants.
Cost of Daylighting
Most daylighting proponents agree that buildings using daylighting 
should not cost substantially more than any other construction. The designer 
must of course take care in specifying details that differ from that which is 
considered standard and which contractors and construction personnel may not 
be familiar with. In a building type in which artificial lighting generally accounts 
for the main portion of operating costs, such as an office building, daylighting 
can lead to substantial operational savings. Religious gathering places have 
different use patterns from other buildings and thus will experience different 
energy savings. These buildings may be used only one day a week or every 
day, day or night. Their daily use time may be a couple of hours or all day. The
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savings they experience from needing little or no artificial light during daytime 
hours will be more significant with their rate of daytime use. However, the use of 
daylighting in a religious building is more basic to the building's function: that is, 
the personal religious experience that is ultimately linked to the mysteries of 
existence. Daylighting can be ideal for achieving an atmosphere conducive to 
this purpose. Therefore, even if the achievement of atmosphere is a more 
compelling justification for daylighting in the religious building, the savings of 
operational costs due to reduced artificial lighting should be a compelling 
secondary factor in incorporating daylighting.
Goal of Worship Services in Various Religions
The appropriate lighting for a religious service should depend on the 
symbolic meaning of the service and the effect the service is intended to have on 
the participant. Although all religions are fundamentally rooted in some 
combination of Ninian Smart's six dimensions (ritual, myth, doctrine, ethics, 
social, experiential), the form of and the emphasis on each of these differs. R. 
C. Zaehner uses a broad categorization to describe the emphasis of various 
religions, differentiating them into "prophetic" and "mystical": the Semitic
religions of Judaism, Christianity and Islam are "prophetic," centering 
themselves around a prophetic message that brings the will of God to them, 
while the Indian group of religions is "mystical," concentrating on meditation to 
achieve the highest, divine state of human existence (Bishop and Darton 1987,
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13). With the different focus of various religions, the meaning and form of the 
ritual also varies and thus call for different architectural expressions, including 
lighting environment.
One problem in categorizing the meaning and intention of worship 
services is that the form of these services is changing rapidly in some places, 
especially in the U.S. For example, the Roman Catholic churches have 
traditionally been omate, with an ornate worship service that seems to induce in 
the worshipper a feeling of the heavenly, or of an other-worldly existence. This 
has extended even to the point of performing the service in Latin, a language 
which the average worshipper did not understand, or at least in an antiquated or 
scholarly form of the congregation's native tongue no longer in common use. 
Catholicism itself varies along a whole range of worship service types and 
degrees of solemnity, from solemn high mass to the simple low mass, from 
Gregorian chants to folk masses to opera-like performances (Bishop and Darton 
1987, 93). Perhaps the variety seen reflects the church's change in emphasis 
among Smart's six dimensions, from a concentration on ritual, myth and doctrine 
to a new ethical and social emphasis.
Other Christian faiths represent a wide range of worship types and 
emphases. The Eastern Orthodox church has also traditionally housed itself in 
omate buildings that represent heaven on earth and seem to attempt to transport 
their worshippers into the other world. All senses are called upon to assist in 
this: the omate surroundings augmented by candle flickers, incense, the song 
and chants in which the entire service is conducted, the kneeling and frequent 
cross signing which physically involves the worshipper as a participant (Bishop
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and Darton 1987, 82). in the U.S., this is changing too: the social, ethical and 
doctrinal dimensions are gaining in importance, the ritual emphasized less as 
the children and grandchildren of the orthodox immigrants lose their ethnicity. 
This change can also be seen in the reduced omateness of the newer churches 
(although this no doubt reflects higher building costs as well).
Protestant churches and services have traditionally been less omate than 
the Catholic and Orthodox. Services often center around scripture reading, 
hymn singing and communion. Doctrine, ethics and personal experience are 
often the main emphases. The reduced emphasis on ritual has accompanied a 
reduced omateness and a lesser role of the architecture in producing a mystic 
mood. The visual task of watching the minister may then direct the daylighting 
goal in such churches over the goal of producing more dramatic effects.
Some Christian churches have simplified the service greatly, emphasizing 
the social, ethical and doctrinal aspects with little ritual. An example of this is 
the Society of Friends (Quakers), who meet in simple surroundings (often a 
member's home) and who have no established ministry or church hierarchy. The 
symbolic or emotional role of the architecture in such cases is minimized. Other 
Christian faiths make the worshipper an even more active participant, in which 
cases the architectural surroundings again contribute little to the mood of the 
service. Pentecostal services concentrate on an oral liturgy, extemporaneous 
witnessing, emphasis on personal religious experience, and community 
participation both in the service and in the administration of the church. 
Pentecostal churches again vary widely in the specifics of their beliefs and in the 
form of their worship services, but they will depend more on the physical
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participation of the congregation and the social stimulation than the architectural 
setting to produce the desired emotional effect (Bishop and Darton 1987,133).
Christian religions perhaps emphasize communal worship more than 
other faiths. Islam emphasizes personal prayer five times a day, whether 
performed in a mosque or not. Ritual, doctrine and ethics are emphases in 
Islam. Even a casual observer will notice the different methods of arrangement 
and ornamentation and between mosques and Christian churches, giving a clue 
to the differences of focus of the two faiths. But climatic differences between the 
middle east deserts and the European continent also play a role in the 
differences of these religious structures. An analysis of the role of light in 
mosques versus European Christian churches should acknowledge that 
traditional buildings grew from climatic need: the Europeans valued light in their 
often overcast countries, while the arid lands of Islam's origin abound in 
sunshine to the extent that its inhabitants desire to shield themselves from it 
using dark, massive structures.
Eastern religions emphasize a much more individual practice or worship 
(with exceptions, such as Sikhism). Religious observance is often expressed 
principally in the conduct of everyday life, along with visits to shrines. Hindu 
temples are thought of as the divinity's palace, and it is traditional for observers 
to visit the divinity individually as well as to worship at a shrine in one's home. 
Buddhist temples contain both preaching halls, in which monks deliver sermons, 
and shrines for the faithful to visit individually. Like the Eastern religions, 
Christianity has a long history of chapels and shrines for individual worship. It is 
natural that a building for individual worship should contribute through the
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senses to the individual experiential dimension of faith. The clergy-led ritual and 
the social element are, after all, absent. The architecture of a place for 
individual worship thus can well use daylighting to heighten the experience 
emphasized by the particular faith it represents, whether it be mystery, 
enlightenment, purity, or the drama of an all-powerful divinity (Bishop and Darton 
1987, 202-3, 230).
Strategies for creating an emotional 
effect with davliohtino
The techniques named by Lam and others address the goal of achieving 
illumination for optimal vision using daylighting. The goal of achieving a 
particular psychological effect depends on these same techniques, but they 
need to be observed using a different set of criteria. They will often involve 
effects that are not optimum for vision but which are better for eliciting an 
emotional effect on the occupant-again, "knowing when to break the rules." The 
case studies in the next chapter addressed the following strategic approaches 
which create the mood of the building:
• Expression of daylighting structures in exterior design: whether they 
constitute a major design element or are a "surprise" in the interior effect 
they create.
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• Light source: its shape; the amount of exterior surface area it comprises; 
whether it is hidden from the viewer or visible; the degree to which is 
visually prominent, such as drawing attention to itself by its designed 
shape, or visually subordinate.
• Directionality of light: whether it is diffuse or directional; if directional, 
number and direction of light sources.
• Contrast: ratios between light and dark; extent of light and dark areas; 
areas of gloom and sparkle.
• Overall brightness concept: the overall impression of the daylighting; 
lightness, darkness, high or low contrast.
Any daylighting concept will consist of a combination of these factors, of 
which there can be innumerable combinations. The case studies were analyzed 
with observations as to the use of these in producing the particular daylighting 
concept employed.
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CHAPTER 4 
METHODOLOGY
Historical examples of religious buildings to be examined were chosen for 
their importance as representations of their architectural era, either as standard 
structures or as innovations for their time. Both these and the modem examples 
were chosen for their recognized success in responding to symbolic daylighting 
objectives. The buildings were analyzed in accordance with the following 
criteria:
religious tradition and context
architectural era
solar orientation
solar angle analysis
daylighting design concept
daylighting techniques
structural system as related to daylighting
interior lighting level
interior contrast
reflectance and texture of interior materials 
responses to lighting mood quality
43
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Representations of the above buildings (plan, section/elevation, photos) 
were included in each case study as required to portray the building and its 
daylighting strategy.
Reflectance and texture of interior materials were listed with the material 
in commonly understood terms: rough, medium, smooth; gloss, matte, flat. Light 
levels for the Wayfarer’s Chapel and the Crystal Cathedral were determined by 
use of a Sekonic Auto-Lumi L-158 photographic light meter, with readings 
transposed into footcandle levels using the APEX system formula (see Appendix 
3). Light levels for Chartres are estimates based on the on-site visitation at the 
time of the writer's personal visit to the cathedral (June 1992, afternoon, clear 
sky conditions). Light levels for the other buildings are estimates based on 
comparative examination of numerous slides and photographs, and the 
experiences of architecturally trained observers.
Reflectances, footlambert and footcandle readings and estimates are 
given as a general point of reference for the reader. It was this writer's intention 
to have provided both objective and subjective references to these qualities, with 
the belief that commonly understood descriptive terms would be of more value to 
the reader than calculated numeric values. The success of a building's lighting 
quality after all depends on the viewer's subjective reactions rather than 
calculations of lighting data, no matter how precise. Tables listing reflectances 
of building materials are readily available; see Appendix 2 and tables within 
each case study.
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The last item of the factors above, mood creation, again is completely 
subjective. The intent of this study was not to conduct a statistical sample of 
building occupants' reactions, but rather a analysis of various experts' subjective 
written reactions to illustrate the points discussed throughout this study, with the 
goal of providing insights that will serve as a basis for design decisions. As the 
entire experience of religious activities is emotional and subjective, the main 
usefulness of this study to the designer will best be served by a subjective 
description of mood from observers having an architectural, artistic, or authorly 
background.
Subjective reactions for various dimensions of mood can be quantified by 
statistical analysis of a significant sample of observers, but it is this writer's 
contention that such statistical results would only provide an artificial ranking of 
traits that are not experienced on a quantitative scale by the individual. 
However, a general ranking of case study buildings on a pertinent scale of 
opposite characteristics proved useful in comparing the lighting mood among 
these buildings. The idea of semantic differential scales to rank subjective 
reactions, with observers ranking qualities on a continuum of paired opposites, 
offers a useful tool even when not used with statistically significant samples of 
experimental participants (Sanoff 1991, 27-28).
The analysis of the case study buildings revealed three significant 
dimensions attributable to lighting that contributed to creating the symbolic and 
emotional mood to meet the religious design goal. These are 
focusing/distracting, calming/stimulating, and clarity/mystery. Each one of these 
pairs represented the principal dimensions in the goal the particular religion
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wished to achieve through its church architecture, and which was largely 
dependent upon and executed by the daylighting. A scale was established to 
show in very general terms the relative rankings of the case study buildings in 
these qualities. This scale uses a simple three-level ranking system that records 
each building as being either closer to one end or neutral on an element. This 
scale was selected as being meaningful and reasonable for such subjective 
elements, as one that can offer the reader an understandable and basic 
summary of the findings. The rankings given are based on the subjective 
descriptions of the observers cited, and are portrayed as a three-dimensional 
matrix to provide a graphic method of highlighting the comparisons among the 
case studies.
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CHAPTER 5
HAGIA SOPHIA 
Istanbul, Turkey 
Architects: Anthemius of Tralles and Isidorus of Miletus
532-537
Hagia Sophia represents a landmark in architectural technology as well 
as in its achievement of spatial quality. The vastness and complexity yet 
coherence of its spaces impress visitors today as they did after its erection 1400 
years ago. Its mystical-seeming daylighting has a similar effect on visitors, but 
this effect unfortunately has been diminished due to numerous changes 
executed on the building in the centuries the building has stood. The present 
discussion will attempt to address the light system and effects as they were 
originally built, so that the architects' original intents can be most faithfully 
assessed. Although the many changes to the church have been for reasons not 
associated with lighting, the effect in many cases has been to diminish the 
effectiveness of the daylighting system.
Religious Tradition and Context
Eastern Christianity in the emperor Justinian's era had essentially 
developed into the form it retains to the present day. Christianity had become 
the state religion of the Roman Empire by the end of the fourth century when 
Theodosius made it so, after Constantine had legitimized the religion in 325.
47
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Fig. 1. Hagia Sophia, exterior and interior. Sketches by author..
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Figure 2. Hagia Sophia: subjective interior mood created by natural light, 
per descriptions of expert observers.
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Figure 3 . Hagia Sophia, solar orientation; maximum and minimum noon sun 
elevations (transverse section looking east), (a) Summer solstice; (b) winter 
solstice.
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Figure 4 . Hagia Sophia, solar orientation: angle of sun at w inter solstice, 
measured from due east-west axis; (a) sunrise, (b) sunset.
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Figure 5. Hagia Sophia, solar orientation; angle of sun at summer solstice, 
measured from due east-w est axis; (a) sunrise, (b) sunset.
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According to De La Croix, the Byzantine Empire, after its effective split with 
Rome at the beginning of the fifth century, began a period in which the late 
Roman and early Christian cultures were retained for the next thousand years 
(De La Croix 1986, 248-49).
The Christian church, which in its unchanging form became known as the 
Orthodox church, focused on salvation, eternal life and the rewards of the world 
after. The church building itself was to represent heaven on earth. The main 
church services were the Divine Liturgy on Sundays and other services on 
special feast days. The Divine Liturgy centered around the mystery of 
transubstantiation, with its highlight the changing of the offering from bread and 
wine to the body and blood of Christ. The Divine Liturgy of St. John 
Chrysostom, a Byzantine archbishop, is in fact the same liturgy most often used 
today in Greek Orthodox churches. The focus on belief and ritual is thus on the 
mystery. Church architecture and lighting of the Byzantines is intended to 
enhance this emphasis.
The political situation at the time of construction also had an influence on 
the Hagia Sophia that was ultimately built. Early in his reign Justinian's empire 
was threatened, most visibly by the Nika riot in 532, when the previous Hagia 
Sophia was destroyed by fire. Justinian saw it to his benefit to build an 
impressive replacement that would serve to reinforce his aura as a powerful, 
semi-divine emperor.
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Architectural Era and Tradition
The era of Hagia Sophia was a time of two competing modes of Christian 
churches, the basilica and the central plan. The basilica was adopted by the 
early Christian church as it accommodated the needs of the Mass and had no 
pagan associations. The central plan was used mainly for auxiliary buildings 
such as baptisteries and mausoleums, and was perhaps inspired by such 
buildings as the Pantheon and even earlier examples of the Mycenaean beehive 
tombs (De La Croix 1986,254). The central plan was used in many examples of 
chapels in Ravenna in the fifth and sixth centuries. The central plan was also 
associated with royalty. The situation thus presented two needs: (1)an 
impressive, imperial dome, which was well served by the central plan, and (2) 
the functional needs of the Eastern liturgy which, with its emphasis on the priest 
heading the group at the altar, was well suited to the basilican plan. Hagia 
Sophia responded to both needs and succeeded in blending the central and 
basilican plans, becoming the most successful church to do so.
The omateness of Hagia Sophia had been preceded by churches such as 
those at Ravenna, with their intricate mosaics, many of these using the shining 
gold mosaic background associated with Byzantine art. But the Ravenna 
churches were relatively dark; Hagia Sophia was designed from the start to give 
the impression of a relative flood of light, which would be furthered by highly 
reflective finishes such as gold mosaic and precious metal furnishings. The goal 
of lightness and omateness served the ecclesiastical purpose of recreating 
heaven on earth; the beauty and grandeur of the building itself and would
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impress the worshipper with the power of the institution of the church as well as 
that of the emperor, serving both in reinforcing the support of their 
constituencies.
The church, completed after six years, turned out to be unprecedented in 
its omateness and its size. The dome was higher and larger than anything that 
had been built before and remained so for many centuries. The dome spans a 
diameter half again that of any predecessor; the height of the dome is such that 
the tallest Gothic cathedrals of subsequent centuries would fit inside it.
Structural Svstem
A fundamental requirement of the church was that it be made of 
non-flammable materials. The main building materials are thus brick and stone. 
The windows that surround the dome are made possible by a concentric system 
of ribs, possibly with an iron band that encircles the done. The vaults are of 
brick. The main dome is supported on massive piers. The other structures that 
allow the rows of windows in the tympana are a system of four massive arches 
that support the dome. Other series of arches and vaults support the narthexes, 
the aisles and the galleries above them, the exedrae that round the comers 
between the narthexes and aisles, and the related vaults. There is evidence that 
iron cramps and timber struts were additional original elements in maintaining 
this structure. The structure is thus a precursor to the much-discussed skeleton 
of the Gothic era in that arches and piers leave walls unloaded so that their area
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can be of glass. Hagia Sophia in fact makes use of flying buttresses as well, but 
only as utilitarian elements, not major design features as in the Gothic 
cathedrals.
The structure is unfortunately much to blame for the reduction in interior 
light. The vastness of the building was a grand experiment, with no precedents 
to guarantee it would stand. Quickly after construction the building showed 
deformation due to load, and in fact part of the dome collapsed thirty years after 
it was finished. Istanbul is furthermore a seismic area, and earthquakes further 
served to shift the structure. In numerous efforts to reinforce the structure, piers, 
passageways and windows have been filled and extra buttresses built. Four 
windows on the dome and others in the vaults of the exedrae were filled, and the 
windows in the tympana were narrowed from their original width. New 
buttresses blocked other windows. The result of the reinforcement is that, while 
the structure was made more stable, the amount of natural light admitted was 
greatly reduced (Mainstone 1988, 67-83).
Solar Orientation and Ancle Analvsis
The east-west axis of the church in face lies at about a 40° angle above 
the true angle of east and west. In the traditional manner, the narthex is to the 
west, the solea to the east (see figure 2). Although the interior expresses this 
long axis, the exterior exhibits an essentially two-way symmetry, so that exterior 
windows are similar in all cardinal directions.
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Davliahtina Design Concept
The overall daylighting concept as originally intended was to provide 
copious top and sidelighting and to maximize its effect by the use of interior 
materials that were highly reflective.
Davliahtina Technioues
The main windows in the dome and tympana are explicitly linked to the 
main structural system, as is seen from the exterior. The dome, as perhaps the 
most important feature of the church, is also the location of the most impressive 
light source. The overall impression from the exterior, however, is of a massive 
structure where the expression of windows is somewhat lost. The exterior 
perhaps prepares the visitor for the vast scale of the interior space much more 
than for its light atmosphere.
The main light sources in the church as originally built are clerestory 
windows in the dome base, the tympana, the exedrae, and the aisles. These 
windows are simple shapes with an arched head in most instances, with stone 
framework containing somewhat translucent glass. Some windows, notably the 
narthex (west) and the aisles, occupy the entire area contained by the structural 
arch above them. Despite the slight cloudiness of the glass, the windows allow 
directional sunlight to fall upon the interior surfaces. Originally, the mosaics and 
furnishings played a large role in the daylighting concept, with much diffused
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light reflected from them. While many of the mosaics have been restored, the 
furnishings are lost.
The main materials on the interior surfaces were mosaic and polished 
marble. The marble, in many different colors, served as wall cladding and was 
the material of which the columns were hewn. The vaults were all covered with 
gold mosaic, with non-figurative and some figurative patterns. The chancel 
screen, a more open structure than the solid modem iconostasis, was sheathed 
in silver. The altar was of gold studded with jewels, on a gold base, and covered 
with a cloth of gold and silk embroidery. Auxiliary structures (ambo, ciborium, 
portions of the solea) were also sheathed in silver. The interior materials of 
highly polished stone, gemstones and metals, were thus reflective and served to 
bounce the incoming daylight off one surface to the next, resulting in a high 
ambient light level.
The ambient light level in the church today is rather darker than it would 
originally have been. With many fewer window openings and nothing on the 
order of the original reflective furnishings, it is difficult to estimate numerically 
the original light levels. However, the effect can be visualized from 
contemporaries' observations. Procopius of Caesarea stated that the church
abounds exceedingly in sunlight and in the reflection of the sun's rays 
from the marble. Indeed one might say that its interior is not illuminated 
from without by the sun, but that the radiance comes into being within it, 
such an abundance of light bathes the shrine. (Kinross 1979,138)
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Contrast levels in the original church would not have been as high as they 
are today, as the ambient light level was greater. The dome windows especially, 
seen from today’s darker interior, cause glare. This may have been true in the 
original church, as Paulus Silentius described the dome as if suspended from 
heaven, resting on a ring of light rather than masonry, so bright that "the rays 
stream down and strike the eyes so that men can scarcely bear to look" (De La 
Croix 1986, 281 ). The effect of daylight on gallery and aisle windows is no 
better, as these areas are at times even darker. However, when sunlight is at 
such an angle that it pours into gallery windows, these areas can be very bright, 
with the sparkle of sunlight mottled by the window frames falling on their walls 
and floors. Thus, despite occasional areas of gloom depending on the sun's 
angle, the original windows and furnishings would create an interior of bright 
sunlight with glowing or shining surfaces that produced enough of a glow in the 
air to prompt Procopius' description as quoted above.
Resulting Effect and Relation 
to Religious Goal
The symbolism of the glowing, toplit interior is obvious, the strong 
light streaming down from heaven where God lives, its strength and its altitude 
so beyond the normal experience of the tiny visitor below that the emotional 
experience and the dogmatic teaching create an impressive phenomenon of the 
overall religious experience. The vastness and glare (and the original diffused
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light all over) serve to produce a sensation of Burke's sublime in the visitor, an 
awareness of things greater than oneself, as emphasized by Christianity in 
general and particularly in the Orthodox mysticism. The question remains 
unanswerable as to whether the original church's light produced this emotion of 
mysticism better than it did after the various changes. It is probable that the 
effect of the polished surfaces and glowing furnishings, in producing a diffused 
light whose source was all over and thus unlocatable, would be more conducive 
to producing a mystical symbol and emotional reaction. The visualization of the 
difference between Justinian's church and that of today suggests the importance 
of reflective surfaces and diffuseness along with strong directional sunlight in 
creating an atmosphere of mystery and divine power in situations where dogma 
reinforces such a theology.
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TABLE 2
HAGIA SOPHIA -  AVERAGE ILLUMINANCE RATIOS PER UNIT
AVG.
fL NAVE
AISLE-
DIRECT
UGHT
AISLE-
SHADE
DOME WINDOWS 2K 29 18 2000
NAVE 70 2 70
AISLE -  DIRECT UGHT 110 110
AISLE -  SHADE 1
(Values estimated.)
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TABLE 3
HAGIA SOPHIA -  
REFLECTANCES OF PRINCIPAL INTERIOR MATERIALS
MATERIAL
PER CENT 
REFLECTANCE
Gold & silver furnishings 5 0 -7 0
Marble 3 5 -4 5
(columns, wall surfaces)
Mosaic, gold 4 0 -5 0
Stone floor 18
(From De Chiora 1991, 1013; Lechner 1991, 314; 
Stein and Reynolds 1992, 1003.)
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CHAPTER 6 
CHARTRES CATHEDRAL
Chartres, France 
1194-1220
Chartres is today a favorite cathedral among visitors who come to admire 
its sculpture, its voluminous interior spaces and its quality of interior light. 
Considered the first cathedral of the High Gothic style, Chartres is exemplary in 
demonstrating the Gothic approach to integration of arts and the innovative 
structure that allowed a new concept of interior lighting to take form.
Religious Tradition and Context:
Architectural Era and Tradition
The Gothic period was a time in which the face of the Roman Catholic 
Church was changing in France. The face of worship was changing from the 
sternness, the focus on the final judgment that had been characteristic of the 
previous centuries to a gentler view of Christ's message of love, as promoted by 
St. Francis of Assisi and the monastic order he founded. It was also, in contrast, 
the era of continuing Crusades and the Inquisition, as the church sought to 
increase by force its already dominating power. In France, cities were becoming 
stronger, with better defined institutions and governments; the Franciscans
64
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Fig. 6. Chartres Cathedral, interior. Sketch by author.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
65
Fig. 26 Ronchamp, Interior. Sketch by author.
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Figure 7. Chartres; subjective interior mood created by natural light, per 
descriptions of expert observers.
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Figure 8. Chartres, solar orientation: maximum and minimum noon sun 
elevations (transverse section looking east), (a) Summer solstice: (b) winter 
solstice.
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Figure 9 . Chartres, solar orientation: angle o f sun at winter solstice, 
measured from due east-west axis; (a) sunrise, (b) sunset.
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Figure 10. Chartres, solar orientation: angle of sun at summer solstice, 
measured from due east-west axis; (a) sunrise, (b) sunset.
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walked the streets of these cities promoting their religion. The urban church's 
influence grew as that of the outlying abbeys dwindled; these abbeys had 
depended on the support of feudal lords, from whom power was now shifting. 
The church's influence in the cities also grew with the universities it established. 
Roman Catholic theology, stimulated by a renewed interest in ancient Greek 
philosophy, began to take on the rational tone of Scholasticism, with its view that 
empirical study and rational arguments could prove the central beliefs of the 
faith. The church and the secular rulers were closely allied; the power of one 
was often reflected in that of the other. Abbot Suger, in revamping the Abbey of 
St. Denis into what is considered the first true Gothic church, saw himself 
advertising the power of his king on top of any religious goals he was reaching 
for (De La Croix 1986, 372-3).
While St. Denis is considered the first true Gothic cathedral, the 
Cathedral of Chartres is considered the first high Gothic cathedral. Gothic is 
considered to be a completely new and original European style, no longer based 
on the architecture of Greece and Rome. Yet Fletcher suggests that the builders 
saw themselves more as taking liberties with the techniques they had inherited 
from antiquity, and pushing these to new stages. In identifying ideological 
factors leading to the new style, Fletcher points to an intense discourse in the 
church during this period as to the proper form for a church building, as well as a 
need in the church to impress the congregation (Fletcher 1987, 387). Envin 
Panofsky sees the scholastic mind at work in the design of the Gothic cathedral: 
to him, the clarity, order and explicitness of the Gothic structure constituted a
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rational argument of self-explanation, each piece stating its role, its workings 
and its function, an explicit self-justification.
But whatever other motivations were behind the development of the 
Gothic style, the goal of admitting light-whether for symbolic or practical 
purposes-was clearly a paramount reason. Note the accomplishments of 
Gothic: admission of light, thinness and gracefulness of members, height, 
insistent ornament both emotional and didactic. Of these, the admission of light 
is the factor that the style makes possible that could not be achieved by any 
other structural system before the Gothic skeleton. The impetus for the 
development of this skeletal system, which allows great expanses of wall to 
become window, can in fact be traced to a contemporary theological view that 
echoes the association of light with divinity found in so many religions. The 
theological view of light was from the writings of the fifth century Pseudo- 
Dionysius the Aeropagite, who additionally was identified with St. Denis, patron 
saint of the French royalty and of Sugar's abbey. Suger writes of how he wished 
the abbey to "shine with wonderful and uninterrupted light." An interesting fact 
pointing to the importance of symbolic light is that it is Suger and his symbolic 
view that are remembered as the initiators of Gothic rather than the builders 
whose technical innovations made it possible (De La Croix 1986, 375-7; Gerson 
1986,135).
The discussion of St. Denis outlines the philosophy that led to Chartres. 
"Chartres," writes Fletcher, "was S. Denis writ large." Chartres was built for 
height, spaciousness and light. The height was appropriate to reflect the civic 
pride of a city cathedral. The spaciousness of the plan, including the aisled
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transepts, was to accommodate its role as a pilgrimage church. (The site had 
been a pilgrimage destination for hundreds of years, where visitors paid homage 
to a pagan virgin long before the Christian virgin myth arrived.) To admit 
maximum daylight, however, was such an important goal that Fletcher was 
compelled to summarize, "Chartres was almost designed around its windows" 
(Fletcher 1987, 394).
Structural Svstem
To achieve maximum light the cathedral employs two major 
innovations. One is the flying buttress. Although not the first cathedral to 
employ this structural element, it was the first to have been designed from the 
start with its use in mind. In taking the lateral thrust from the vaults and arches it 
allows the actual wall area to be even less important as structural support-and 
walls can thus be turned into more and larger windows. The flying buttresses 
outside allowed for the second innovation inside—the tripartite elevation. In 
earlier churches the tribune gallery, a dark windowless band, met the aisle roof 
under which buttresses were concealed. As flying buttresses were exposed, the 
aisle roofs were dropped and the dark wall areas of the tribune galleries 
disappeared. This made way for much taller clerestory windows as found in 
Chartres. Chartres' structural system thus was a milestone in the development 
of Gothic, its skeleton and buttresses allowing for a window between practically 
every pier (De La Croix 1986, 383-4).
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Solar Orientation and Anale Analysis
The cathedral lies on an axis such that the "west" entrance is toward the 
southwest, the chevet toward the northeast Flamand attributes this to the fact 
that it was built on a site upon which temples have existed since antiquity, with 
their original orientation determined by the peculiarities of the site (its raised 
terrain) and the possibility that the angle bore a relation to the point of the sun's 
rise on a certain day of the year (Flamand 1990, 176).
Davliahtina Design Concept
With the dominance of window area, the daylighting concept on the face 
appears to agree with Soger’s idea for St. Denis of flooding the interior with light. 
However, a flood of bright light obviously was not the intent, as is proved by the 
use of colored stained glass rather than clear glass. Colored glass considerably 
reduces the lumen level. This indicates that it is the production of a certain 
quality of the light that is important. The windows are both a source of light for 
illumination and works of art to be looked at directly.
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Davliahtina Techniques
The exterior expression of the daylighting features is in fact the 
exterior expression of the High Gothic style-the flying buttresses, the slender 
supports, the large areas of glass. The windows themselves, while visible from 
the outside, are not impressive from the exterior. Stained glass must be seen 
with the light source behind it; it is brilliant when seen from the darker interior of 
a cathedral, but only appears dark when seen from the exterior. The sight of the 
windows is thus a surprise to the visitor upon entering the cathedral, a delightful 
contrast of color and light amid the more muted surroundings.
The light sources consist of stained glass windows in all external walls. 
The windows are all visible from the interior. Their pointed arches and rosette 
shapes are both of structural necessity and for artistic merit (with art, as usual in 
religious buildings, serving the purpose of emotional effect to further the 
religious goal). Analysis of an elevation will show that about 35% of the wall 
area in a typical bay is glass in the nave, about 45% in the choir. It is overall a 
diffuse, reflected, colored light. Direct sunlight also lands on the windows, 
creating visible sunbeams as it illuminates airborne particles; surfaces it 
illuminates take on dappled patterns of blue, red and yellow from the stained 
glass the light passes through.
The entire interior is of moderately polished limestone (matte finish) in 
light colors of white, tan and grey. The choir wall, in the same stone, is carved 
into intricate, high relief figures. The nave is furnished with light-colored wooden 
chairs. The surface of the stone is a medium texture.
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Typical footcandle levels are shown in Table 4. The nave light level 
produces a subdued effect. The contrast level between the nave and the aisles 
is not great but that between the nave and the ambulatory and chapels is great; 
with one's eyes adjusted to the light in the nave, the ambulatory and chapel 
appear as much darker, somewhat gloomy recesses.
A great variety of light levels thus exists inside the cathedral, changing 
from lighter to darker subtly from one area of elevation to the next, from floor to 
vaults. Perhaps the overall character of the contrast can be described as gentle 
or subtle. There are many instances of sparkle. The direct sun, modulated by 
the stained glass, is still strong enough to read as sunlight when it falls on a wall 
or a floor; coming from above it casts sharp shadows of the chairs onto the 
floors. The windows themselves create sparkle, sometimes to the point of glare, 
both in the brilliance of direct sunlight on them and in their brightness when lit 
only by skylight while seen from within an area that is a little darker through lack 
of direct light at the particular moment. The brightness of the windows can 
especially read as glare when seen against dark vaults and walls, which are 
often shadowy due to their deep plastic form.
Many areas of the cathedral are typically in shade, to a degree that the 
visitor will experience as gloom. The ambulatory and radiating chapels, being 
east, are quite dark compared to the ambient light in the nave. The wall 
separating the choir from the ambulatory block low sunlight to the choir, making 
it gloomy except when high sunlight can reach its floor through a clerestory. The 
triforium is at points dark and shadowy. The vaults themselves, with their deeply 
arched sections, naturally contain dark patches in any sun condition.
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The overall effect is one of great variety, ranging from brilliant sunlit 
windows to gloomy niches. The overall feel is calming. The gothic sculptural 
shapes of the interior are complex but coherent, with a repetition of forms; the 
daylighting effect is also complex but reads coherently, as the contrasts are 
gradual and the biological information of the condition of the daylight outside is 
transmitted.
Resulting Effect and Relation to Religious Goal
We return to the religious goal of imposing upon the visitor an awareness 
of the divinity through its symbolic manifestation, light; an atmosphere conducive 
to individual prayer; and a visual image that produces a strong emotional effect 
on the pilgrim moving down the aisles of the cathedral. The awareness of the 
divine light is stressed by bringing it in through colorful stained glass saints in all 
directions, allowing the colored light to dapple the very different, muted stone 
surfaces it lands on. Otto states that the gracefulness of the forms and the play 
of colored light produce a "hallucinatory vision" (1980, 21). The nave 
illumination, even at its brightest hours, is modulated enough to produce an 
effect of calm and protectedness, suitable for the introversion of meditation, and 
yet bright enough to draw out the congregant's attention as is demanded by the 
pageantry of the Roman Catholic mass. The visual vitality of sparkle, darkness 
and contrast on the complex Gothic surfaces draws the attention away from 
one's social surroundings and encourages one to focus both inwardly, as in
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meditating, and on the grandeur of the edifice itself, producing a visual scene 
not seen in secular surroundings which contributes to the mystical quality of 
Roman observance. Of all the elements leading to the mystical emotional effect, 
it is the clerestory windows-brilliantly colored, the brightest light in the visual 
field, encircling the nave and floating above its relative calm down below-that 
produce the most other-worldly effect, the idea of beholding something "greater 
than oneself."
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CHARTRES -  ILLUMINANCE LEVELS
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TABLE 5
CHARTRES -  AVERAGE ILLUMINANCE RATIOS PER UNIT
AVG.
fL NAVE VAULT
ILLUM­
INATED
WINDOW
AMBULATORY 7 29 6 5700
NAVE 200 5 200
VAULT 40 1000
ILLLUMINATED WINDOW 40K
(Values estimated.)
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TABLE 6
CHARTRES -  
REFLECTANCES OF PRINCIPAL INTERIOR MATERIALS
MATERIAL
PER CENT 
REFLECTANCE
Limestone 40
Marble 3 5 -4 5
(columns, wall surfaces)
Stained glass 7
Stone floor 18
(From De Chiora 1991, 1013; Lechner 1991, 314; 
Stein and Reynolds 1992, 1003.)
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CHAPTER 7 
THE PILGRIMAGE CHURCH OF THE 
VIERZEHNHEILIGEN
Near Bamberg, Germany 
Architect; Balthasar Neumann 
1743-1772
Vierzehnheiligen, built on the early edge of the modern machine age, 
attempted like Chartres to put the visitor into an other-worldly atmosphere. But it 
does so using very different techniques in wall surface, form, fenestration and 
structure. The result is an equally complex yet very different visual and 
emotional effect created by an architect who is considered a master of space 
and light.
Religious Tradition and Context
Southern Germany in the eighteenth century was largely Roman Catholic, 
with the north mostly Protestant, as is still true today: the north had been carried 
by the Reformation, while the south had been heavily proselytized by Jesuits 
during the Counter-Reformation (Fletcher 1987, 819). Otto speaks of the 
religious mood in southern Germany in the eighteenth century. An overall
81
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Fig. 11. Vierzehnheiligen. (a) Exterior (Otto 1979), reprinted by permission; (b) 
interior (sketch by author).
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Figure 12. Vierzehnheiligen: subjective interior mood created by natural 
light, per descriptions of expert observers.
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Figure 13 . Vierzehnheiligen, solar orientation: maximum and minimum 
noon sun elevations (transverse section looking east), (a) Summer solstice; 
(b) w inter solstice.
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Figure 14. Vierzehnheiligen, solar orientation: angle of sun at winter 
solstice, measured from due east-west axis; (a) sunrise, (b) sunset.
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Figure 15. Vierzehnheiligen, solar orientation: angle of sun at summer 
solstice, measured from due east-west axis; (a) sunrise, (b) sunset.
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enthusiasm for religion was visible in the large number of religious tracts 
published, large numbers of people following pilgrimages, popularity and broad 
participation in religious festivals, and the increasing elaborateness of the 
Catholic religious services as well as of their churches. Vierzehnheiligen was 
itself built to service a pilgrimage site. The academic pursuit of theology was 
valued above all other intellectual pursuits. This took a form not of objective 
investigation into its nature but using as a point of departure the absolute 
unquestioning acceptance of Catholic dogma. Creation was seen as a 
continuing process, and thus change was the continuing manifestation of 
creation and of the divine gift of life. The study of theology thus centered around 
finding a mystical union with God, who is called "the highest good." Otto sees in 
this religious situation an exuberance and an emotion that is highly assertive 
and promotive of the individual at the same time as it is unquestioning of the 
total goodness of God and the infallibility of his church (Otto 1979,139-40).
Architectural Era and Tradition
Southern Germany's architecture had been influenced strongly by 
the particular exuberance and extremism of the Baroque styles of Rome and the 
Piedmont, which itself had somehow developed from the stated Renaissance 
goal of reinstituting the purity of ancient styles. Southern Germany additionally 
wholeheartedly adopted and developed its version of another Baroque 
descendant, the Rococo of courtly France, again a curvilinear and extreme style.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
88
The southern German churches took Rococo to a further point than the French 
had, not limiting it to interior decoration but using it for both interior and exterior 
expression (Fletcher 1987, 809-10). The Jesuits who came to the area and 
dominated the religious scene favored ornate churches; ornate Rococo churches 
became common in the late seventeenth and eighteenth centuries. Neumann, 
living in an era when architects now enjoyed name recognition and social 
prestige, designed numerous such churches during the forty-odd ears of his 
practice in the first half of the 1700s. Vierzehnheiligen, today is his best-known 
church; it proved to be very popular among contemporary worshippers as well.
Structural Svstem
The Renaissance, and its subsequent periods of Baroque and Rococo, 
was not known as a time of great advances in structural practice, unlike the 
Gothic period; rather, its return to the principles of antiquity was accompanied by 
a fidelity to its traditional structural systems.
The churches of Neumann used either a rubble or ashlar infill wall. 
Vierzehnheiligen uses the latter; appropriate stone was available at the site, 
eliminating the complexity and expense of precisely cutting stones at a remote 
location. As in the Gothic cathedrals, Neumann used a skeletal support system 
to allow large window areas and to produce, along with other techniques, an 
aura of light and dematerialization.
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Roofs of Neumann's churches carry a sophisticated, framed timber roof 
which covers the ceiling vaults. Vierzehnheiligen's curvaceous vaults were built 
by erecting a wooden formwork at the desired level, then laying blocks of tuff in 
a mortar bed that rested on the formwork. The stones were then clamped 
together with iron bands and the surface of the stones poured over with another 
layer of mortar, something of an early relative of reinforced concrete. The 
ceiling below was then stuccoed. Neumann's method of constructing vaults was 
quick, economical and easy to build, especially compared to the cut stone vaults 
seen elsewhere, which required precision to build and whose weight was costly 
in both material handling and in the requirement for structural strength. The 
system required little special apparatus to erect and was extremely flexible, 
allowing vaults to be built in practically any three-dimensional curve the architect 
could envision (Otto 1979, 41-45).
Like the earlier Gothic cathedrals, Neumann's Vierzehnheiligen uses the 
elements of a skeletal structure to lighten the structural mass as much as 
possible and allowing large window areas. He uses arches supported on 
columns, piers and pilasters not only to allow for spacious window openings but 
to open the undulating interior-a plan based on three major oval spaces forming 
a major axis, joined with other ovals and circles-from one zone to the next.
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Solar Orientation and Anale Analysis
The church is oriented in the traditional Christian manner on an 
east-west axis, with the entrance in the towers to the west. Sunlight thus enters 
through numerous windows in the long south wall, the apse in the east and the 
western facade. See Figures 14 and 15.
Davliahtino Design Concept
The daylighting concept was essentially to dazzle the visitor. Light 
pouring in from large window areas all around would be bounced off the white 
undulating wall surfaces, glittering gold and silver furnishings, and colorful 
frescoes throughout an open and spacious interior.
Otto points out that Vierzehnheiligen looks from the outside like a 
traditional basilica type church with the exception of two surprise elements. One 
is the bulging front facade, which marks the oval vault and space within. The 
other is the large number of windows that pierce the sandstone. As Otto says, 
"Whether on facade, flanks or choir, whether low down or high up, closely 
packed rows of windows are everywhere" (Otto, 119). Although the windows 
become a major element of the exterior elevations, the exterior gives little clue 
as to the sparkling and undulating surfaces that produce the light atmosphere 
within.
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PavliohtinQ Techniques
The many windows on all elevations are in plain view from the interior. 
Window space on the north and south elevations constitutes approximately 15% 
of the wall, 18% on the west facade. Windows are of clear glass and allow fully 
directional sunlight to fall on the floors, walls and altars. The windows also allow 
abundant skylight which, put to full use by the interior surfaces, produces a high 
ambient level.
The basic material of the interior is smooth, bright white plaster. Columns 
are of polished white marble. Gilt is freely used on the capitals, altars, borders 
of frescoes, and ornamentation on arches and vaults. Frescoes on the vaults 
and above the west altar are the only major surface areas that are not white. 
Ceiling frescoes contain mostly pastel colors with some darker patches, while 
the alter fresco contains some of the few dark values found in the interior. The 
floor is light tan stone, matte finished, with a somewhat darker tan stone 
interspersed in a regular basketweave pattern.
The ambient light level in the main body of the church can be quite high. 
Although there is a great play of shade and shadow among the curvaceous 
elements, the darker areas are not strikingly darker than the lighter surfaces, 
and contrast ratios are low. Sparkle is provided by sun coming through clear 
windows, the brightness of sunlit and daylit windows next to the relatively darker 
wall, and the glitter of the gilt decorations. The state of the sky outside is clearly 
visible from inside. The element of gloom has no place in this church; its interior 
is open enough that ambient light or sunlight reaches all interior surfaces.
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The large windows, white surfaces, openness with structural elements 
slender enough not to block the light combine to form a rather high ambient light 
that is mostly uniform but which creates some subtle modeling on the undulating 
structural elements and the spaces behind and around them. The effect is of 
light that pours in from all sides onto glowing, mostly white surfaces. The 
vivacity of the shapes and highly decorated quality of the interior are less 
calming, more stimulating than the effect at Chartres.
Resulting Effect and Relation to Religious Goal
The lighting of Vierzehnheiligen is likely to produce a lively and cheerful 
emotion in the visitor. Otto believes the effect reflects and serves the religious 
mood of its era. He cites the exuberance and individuality of Vierzehnheiligen 
and Neumann's other churches as reflecting the religious enthusiasm, the 
emotion and the focus on the person of the believer that was characteristic of 
this era's religious atmosphere (Otto 979, 140). As brightness serves to draw 
one's attention outward, the light atmosphere would serve to strengthen the 
enthusiastic social atmosphere of the congregants. The effect of the interior 
lightness, combined with the plasticity, vivacity and shining quality of the interior 
forms and decor, does not suggest the mystery recorded by observers of, for 
instance, Hagia Sophia, but does suggest a quality away from the clarity of day- 
to-day experience. The bright, light-filled, lively atmosphere thus served not as 
an intellectual symbol but as a force to elicit and reinforce an emotional
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response that was the unquestioning religious enthusiasm of the time. In the 
greater scheme of things it would serve to tie people to the church in a period of 
religious conviction when Protestantism had solidified in more northerly regions 
and secular empiricism was barely beginning to challenge the church's authority.
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TABLE 8
VIERZEHNHEILIGEN -  AVERAGE ILLUMINANCE RATIOS PER UNIT
AVG.
fL VAULT
ILLUM­
INATED
WINDOW
NAVE 200 33 150
VAULT 6 5000
ILLLUMINATED WINDOW 30K
(Values estimated.)
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TABLE 9
VIERZEHNHEILIGEN -  
REFLECTANCES OF PRINCIPAL INTERIOR MATERIALS
MATERIAL
PER CENT 
REFLECTANCE
Gold leaf trim 4 0 -5 0
Marble 3 5 -4 5
(columns)
Plaster, white (ceiling, walls) 7 0 -8 0
Stone floor 18
(From De Chioro 1991, 1013; Lechner 1991, 314; 
Stein ond Reynolds 1992, 1003.)
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CHAPTER 8
WAYFARER'S CHAPEL
Rancho Palos Verdes, California 
Architect: Lloyd Wright 
1948-1950
The Wayfarer's Chapel is a small building for services such as vespers 
and weddings and for individual meditation. It is located on a rocky promontory 
near Los Angeles overlooking the Pacific Ocean. The design is closely linked to 
the religious symbols of the sect for which it was built. The daylighting design 
centers around expanses of side and top windows.
Religious Tradition and Context
The chapel was commissioned by followers of the eighteenth century 
Swedish theologian and psychic Emanuel Swedenborg. A geologist and 
metallurgist by occupation and a Lutheran by religion, Swedenborg while in his 
fifties began to have visions, claiming to have traveled to spirit worlds and 
contacted spiritual entities that revealed to him truths about life, life after death 
and God. He expounded a "law of correspondences" between the two worlds of 
created existence, the physical world and the spiritual world (Melton 1978, 87-8). 
In line with this view, architect Wright wished the chapel to express the
97
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Fig. 16. Wayfarer's Chapel. (Photo by author)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 17. Wayfarer's Chapel: subjective Interior mood created by natural 
light, per descriptions of expert observers.
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Figure 18 . Wayfarer's Chapel, solar orientation: maximum and minimum 
noon sun elevations (transverse section looking east), (a) Summer solstice; 
(b) winter solstice.
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Figure 19. Wayfarer's Chapel, solar orientation: angle of sun at winter 
solstice, measured from due east-west axis; (a) sunrise, (b) sunset.
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Figure 20. Wayfarer's Chapel, solar orientation: angle of sun at summer 
solstice, measured from due east-west axis; (a) sunrise, (b) sunset.
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correspondence between the world of the spirit within the worshipper and the 
world of nature outside. Swedenborg had once had a vision of a chapel of trees 
which, in their trunks and interlaced branches, formed the chapel's walls and 
roof. This recalled an experience Wright had had in the 1940s when traveling 
through the redwood forests in California. Stopping at a restaurant, he looked 
up through the glass skylights and saw the redwoods branching out above, the 
sky beyond them. The impression he sensed was of "great peace, sublime 
beauty, dignity, and repose." Wright decided to use this idea so that "the trees, 
the natural growth, the sky, and the sea beyond become part of the Chapel," and 
enable "those who worship...(to) perceive the grandeur of the world around them 
(Martin 1988, 6-7). The services to be performed in the chapel were mainly 
vespers; otherwise the role of the chapel was for individual meditation for both 
the local Swedenborgians, other locals, and travelers ( ^  1951).
Architectural Era and Tradition
The chapel was designed in the late 1940s. Architecture in the western 
world in this period was looking toward the International Style and the further 
possibilities of steel and glass in urban centers. Lloyd Wright, like his father 
Frank Lloyd Wright, adhered to his naturalistic and humanistic principles of 
architecture, with a style that was highly derivative of that of his father. In 
addition to the unmistakable Wrightian tradition of the building, the slender
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redwood elements forming designs within the window panes recall the tracery of 
Gothic windows.
Structural Svstem
The building grows from earth berms along the chapel's sides, the lower 
interior walls formed of native rock from the site. The structural supports for the 
walls and floor are rigid frames of redwood. These branch out in 30“-60° 
triangles at the roof, which is enclosed alternatively by solid panels and clear 
glass with tracery in a pattern forming the same 30“-60“ angles. The walls are 
entirely of glass. Wright intended for the trees outside to temper the sunlight 
and to appear as the chapel's walls as in Swedenborg's vision; today this is 
accomplished, as the trees have reached maturity 1951).
Solar Orientation and Angle Analvsis
The entrance ^ces west toward the sea, with the altar toward the east as is 
traditional in Christian churches. Figures 19 and 20 contain solar angle 
diagrams.
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Davliahting Design Concept
Wright's design expresses his intention to recall Swedenborg's tree- 
chapel vision. The daylighting intent is thus to allow filtered sunlight and skylight 
as would occur within a grove. The solid panel of the roof, the structural 
elements themselves and the window tracery all serve to filter the light, with 
much the effect as trees would produce. The mature trees, also planned by 
Wright as part of his design, now filter light from the sides and above, with the 
effect much as if the chapel is in fact a place within a grove.
Davliahtino Techniques
The external expression of the daylighting structures is identical with the 
expression of the building's overall intent. The interior, with its lighting 
environment, are clearly visible from the outside. The visitor is thus prepared for 
the environment to be found within.
The daylighting structures and the walls and the clear roof panels. The 
walls are approximately 95% clear glass above the lower walls; the roof is 
approximately 60% clear glass, the rest solid panels. The surrounding trees 
only partially cover the roof, so that direct unfiltered sunlight is allowed from 
overhead while the sun is high in the sky, and filtered sunlight from the sides 
and top in patches through the trees and the redwood structure. There is thus a
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combination of direct, direct mottled, and reflected light, with the latter two the 
most prevalent
Interior textures combine smooth dark polished wood in the 
structure and benches; non-reflective light grey stone, rough surfaced, for the 
lower walls; a lush border of houseplants between the lower walls and the 
windows; a light blue, nonreflective floor of medium-rough concrete with stone; a 
light-colored, smooth, flat finished ceiling panels (now white, originally light 
blue).
The interior light level is an well-mixed 100-3000 fc throughout, almost 
identical to the grove of trees in which the chapel sits. Sparkle is provided by 
the sun's direct rays on structural members or on the window and roof tracery. 
At moderate sun angles, there is some contrast of the direct sunlight with the 
darkness of the wooden benches. There are no areas of gloom, nor is there 
glare. The overall effect is of an even although mottled area of modulated light 
that successfully recreates the light environment within a grove.
Resulting Effect and Relation to Religious Goal
The mood of the chapel meets Wright's goal of a meditative place in 
which one feel surrounded by nature yet protected. The protected feeling is 
much a result of the auditory and touch sensations; the chapel is quieter than 
the grove surrounding it, and shields the occupant from the seaside breeze while 
still allowing the view of plants outside that may be swaying. The allowance of
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mottled patches of direct sunlight into the darker overall lighting level may also 
serve to evoke in the visitor, consciously or not, an echo of Swedenborg's 
correspondence between the inner and outer worlds. There is no single visual 
element that produces a focusing effect, yet, with its compact size and limited 
palette of materials and colors, the chapel's interior of stone and greenery does 
not produce distraction: The invasion of daylight does not produce mystery as in 
the shaded interior of Hagia Sophia, but exhibits the beauty of everyday nature 
in a clear and open way, deriving any sense of the mysterious from the 
observer's rational observation and intuitive feel of Swedenborg's two worlds. 
The sparkle added by sunlight patches also serves to produce the positive 
evaluative qualities identified by Flynn in his studies of mood related to light 
(pleasant, joyful), as does the overall variety (mottled quality) of the lighting. 
The fact that the chapel is today a popular site for weddings may serve as 
evidence that the joyful, pleasant quality is a common evaluation by visitors. 
Anais Nin recorded the following evaluation after visiting the chapel;
The sun was pouring into it like a million saints' halos, the sea was 
glittering beyond the glass, the redwood trees were beginning to peep 
into the church. The beauty of glass expanded the spirit, let it loose 
among the clouds and in nature. What a poetic concept of a church. Not 
to enclose, in dimness, in stone, in tombs, with votive candles burning, 
but to free the spirit, to follow the clouds, to glitter with the sea, to grow 
from the earth richly scented with flowers and leaves. (Quoted in Martin 
1988, back cover.)
Thus, with a moderate footcandle level, vitality in tree-mottled sunlight, this 
chapel achieves a lighting environment that produces or adds to feelings of both
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serenity and joy, appropriate for celebratory services as well as individual 
meditation.
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TABLE 10
WAYFARER’S CHAPEL -  ILLUMINANCE LEVELS
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TABLE 11
WAYFARER’S CHAPEL -  AVERAGE ILLUMINANCE RATIOS PER UNIT
AVG. SHADED
fL AREAS
TOWARD SUN 6400 2
SHADED AREAS 3200
(Values by APEX method.)
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TABLE 12
WAYFARER’S CHAPEL -  
REFLECTANCES OF PRINCIPAL INTERIOR MATERIALS
PER CENT
MATERIAL REFLECTANCE
Plaster, white (ceiling) 7 0 -8 0
Stone floor 18
Vegetation 25
Wood (seats) 4 0 -5 0
(From De Chiora 1991, 1013; Lechner 1991, 314; 
Stein and Reynolds 1992, 1003.)
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CHAPTER 9 
KRESGE CHAPEL AT THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY
Cambridge, Massachusetts 
Architect; Eero Saarinen 
1953-1956
The Kresge Chapel employs innovative top- and bottom-lighting with no 
side openings in a strong geometric shape to create a calm oasis within a busy 
plaza that is suitable for individual meditation and small services.
Religious Tradition and Context
The chapel was intended as a place of individual worship that would 
serve the needs of visitors from many different religious backgrounds. The 
architectural press at the time interestingly focused on this goal somewhat 
differently from how the architect viewed it. Architectural Forum spoke of the 
goal as “interdenominational," for use by Jewish, Protestant, and Roman 
Catholic visitors and thus requiring the architect to “resolve differences 
historically unresolvable in terms of architectural shape and form” (AF 1956). 
Saarinen himself referred to it as “non-denominational," a distinction which
112
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Fig. 21. M.I.T. Chapel, (a) Exterior (Arec 1956); (b) Interior (sketch by author).
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Figure 22. M .I.T. Chapel: subjective interior mood created by natural light, 
per descriptions of expert observers.
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o
115
73'
O
2 5
i "  A’
Figure 23. M .I.T. Chapel, solar orientation: maximum and minimum noon 
sun elevations (transverse section looking east), (a) Summer solstice; (b) 
winter solstice.
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Figure 24. M.I.T. Chapel, solar orientation: angle of sun at winter solstice, 
measured from due east-west axis; (a) sunrise, (b) sunset.
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Figure 25. M .I.T. Chapel, solar orientation: angle of sun at summer 
solstice, measured from due east-west axis; (a) sunrise, (b) sunset.
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sheds light on his desire to focus on the universal fundamentals of religious 
experience rather than the particulars of any specific Western religions 
(Saarinen 1986, 42).
Saarinen recalls that he sought “an atmosphere which was not derived 
from a particular religion, but from basic spiritual feelings.” Saarinen thus 
reached beyond the temporality of particular religious traditions in an attempt to 
reach to basic spiritual emotions of the individual. Seen in this light, the intent of 
the building was not unresolvable after all in that the building's primary focus 
was not to house diverse ritual observances but rather individual meditation by 
persons of any faith who wished to pause and commune with their vision of 
ultimate reality.
Architectural Era and Tradition
The chapel was built in the early 1950’s, in the heyday of Mies and the 
postwar steel and glass modernism. According to Architectural Forum, Saarinen 
wished the building to be “timeless...not related at all to anything else done in 
this century.” “Religion today does not have the expanding optimism of the 
past,” AF quotes Saarinen as saying, “and is sustained in this nonreligious 
period by the force of its traditions. In such a soil, new forms don’t grow. 
Therefore, religious architecture as we find it today depends either on traditional 
forms-or else, forms developed in residential and other architecture” (AF 1953). 
The surrounding building on the site were “essentially boxes with holes pierced
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in them all around.” Saarinen saw his choices for the chapel and the auditorium 
accompanying it as either blending with the other buildings or making a 
complete contrast with them. He chose the complete contrast, and the timeless 
shape of the cylinder. This shape also suited his goal of a spiritual place for the 
individual, placing the meditator closer to the altar than other possible shapes 
(Saarinen 1986, 40).
Structural System
Saarinen had decided on his daylighting concept along with the form of 
the chapel. Brick fit into the concept: Saarinen wished to use a traditional 
material; brick would contrast with the concrete-shell auditorium also being built 
but was the same material as the surrounding dorms. He wished to use this 
material forthrightly, in a system that retained the integrity of the material. The 
light sources, at the bottoms of the walls, are thus expressed in the traditional 
masonry forms of arches (Saarinen 1986, 42). The brick walls support a flat roof 
with a circular skylight over the altar, off-center to the room; a suspended plaster 
ceiling descends from the outer walls in an inverted, off-center cone to meet the 
edges of the skylight (AF 1956).
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Solar Orientation and Angle Analysis
The building is essentially uniform on the exterior without regard to solar 
orientation. The entry is in the west; the altar to the east, in the traditional 
Christian orientation. Figures 24 and 25 contain diagrams of the solar angles.
The chapel uses diffuse light. The effect of the sun's position affects the 
direction of the light from the skylight and to some extent the intensity of the 
reflected bottom light. The skylight is directly over the altar and its dais; the 
luminosity of the baffles is sufficient to translate the sunlight into a diffuse light 
that is semidirectional in its illumination of the altar, dais and hanging sculptural 
screen. These appear to be lit from directly above despite the fact that the sun 
is never actually directly overhead.
Davliohtina Design Concept
Saarinen decided a dark interior would be most conducive to individual 
worship. The semiluminous narthex passage with its panels of translucent grey- 
green glass, through which visitors enter the chapel, would serve in its light level 
(and overall effect) as a “decompression chamber” to adjust the visitor between 
the bustling exterior plaza and the calm, dark chapel. The bilateral daylighting 
system of the lantern above the altar and the arches along the bottoms of the 
exterior walls stemmed from the feeling Saarinen had upon seeing a nighttime 
sky while traveling in Sparta. The scene was a mountain village: “There was 
bright moonlight overhead, and then there was a soft, hushed secondary light 
around the horizon.” His goal was to reproduce this “other-worldly sense” using
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the two sources of daylight, the brighter toplight from the lantern and the glowing 
bottom-reflected light from the perimeter.
Davlichtina Techniques
Both daylight sources are expressed on the building’s exterior. The 
skylight is marked by an aluminum spire that rises on legs above the opening 
and forms an open, skeletal steeple. The arches that admit the reflected light 
are the only articulation on the cylinder's exterior; the circular pool surrounding 
the building is the actual source of the reflected light.
The irregularly-sized arches coincide with undulations in the interior wall, 
which is a second brick wall. Between this undulating inner wall and the tumed- 
u[ edge of the floor is the space where the reflected light enters, approximately 
6” wide, with horizontal double glazing. This light source runs the perimeter of 
the interior undulating wall. The source of the reflected light, the water, is not 
visible. The structures thus cast a diffuse glow onto the lower portions of the 
wall above them.
The lantern above the altar is equipped with a translucent baffle that 
diffuses the incoming light. Hanging from the rear edge of the skylight down to 
behind the altar is a gold flecked metal screen with small longitudinal metal 
rectangles that seem to float and that reflect the light from the skylight. As noted 
before, the light is diffused by the baffle yet directional enough that it illuminates
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the altar, screen and dais at higher sun angles. The baffled lantern occupies 
about 6% of the ceiling area (PA 1956).
The undulating inner wall is of red brick. It is pierced on each undulation 
by an area of open bond which, along with pieces of acoustical insulation 
hanging within the wall, forms an acoustical baffle but also creates patches of 
dark, light-absorbing holes. The ceiling is plaster, the floor a dark, semi- 
reflective stone. The altar and its screen are the lightest colored and most 
reflective furnishings (followed by the organ pipes above the entrance, on the 
wall opposite the altar), forming a visual focus. The altar is a simple block of 
polished stone. Saarinen intended the metal of the screen to dull to its natural 
level to reflect a metallic, although not polished, sheen.
The ambient light level in the chapel is rather dark; the lantern's light 
reflected from the altar and screen contrasts strongly with the low ambient light. 
The sparkle of the screen draws the visitor’s eye. The lighting around the 
seating resembles twilight, weak and nondirectional. The glow of the bottom 
lighting can be said to give an eerie effect in that its source is both invisible and 
located below, the opposite of the direction from which humans expect light to 
emanate.
Resulting Effect and Relation to Religious Goal
The essentials of the space are thus the low meditative light level, a bright 
meditative focus, and lighting coming from another direction from that which is
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common in day-to-day experience. Saarinen felt his attempt to create an “other­
worldly sense” was successful, saying “I think we managed to make it a place 
where an individual can contemplate things larger than himself (Saarinen 1968, 
42). The overall calmness with the burst of sparkle from the screen may 
illustrate Burke's idea of how the sublime can be created in a building-the 
sublime, again, eliciting our realization of ultimate realities of life and death. The 
twilight of the seating area is conducive to introspection, as is characteristic of a 
low light level, while the dominant brightness of the screen provides a visual 
focus conducive to meditation. The meditative quality of the room elicits an 
environment of personal spirituality, a feeling of “things larger than oneself, 
which is not dependent on any temporal religious symbol, succeeding instead by 
appealing to the innate human response to light.
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TABLE 13
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TABLE 14
M. 1. T. CHAPEL -  AVERAGE ILLUMINANCE RATIOS PER UNIT
AVG.
fL SEATING
ALTAR 9 57
SEATING 6000
(Values estimated.)
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TABLE 15
M. I. T. CHAPEL -  
REFLECTANCES OF PRINCIPAL INTERIOR MATERIALS
MATERIAL
PER CENT 
REFLECTANCE
Brick walls 2 5 - 4 5
Plaster, white (ceiling) 7 0 - 8 0
Stone floor 18
Wood (seats) 4 0 - 5 0
(From De Chioro 1991, 1013; Lechner 1991, 314; 
Stein and Reynolds 1992, 1003.)
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CHAPTER 10 
THE PILGRIMAGE CHURCH OF 
NOTRE DAME DU HAUT
Ronchamp, France 
Architect: Le Corbusier 
1950-1955
One of the most famous modem chapels, Notre Dame du Haut relies on 
sculptural form and the effects of natural light to produce an atmosphere that is 
conducive to meditation while also meeting the needs of large pilgrimage groups 
which attend services outside the building itself.
Religious Tradition and Context
In 1950, the year Le Corbusier was commissioned to design the chapel, 
the Roman Catholic church in France was in doctrine and practice much the 
same church it had been for centuries. Church attendance was waning; the 
reforms of the Second Vatican Council, intended to make the church more 
responsive to the modem needs of Catholics, were yet to come. Father 
Couturier, friend of Le Corbusier, a former artist and editor of L’Art Sacré, was 
an influential cleric who convinced the church hierarchy that commissioning the 
best modem artists to work on church projects would help the church reach
127
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Fig. 26 Ronchamp, Interior. Sketch by author.
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Figure 27. Ronchamp: subjective interior mood created by natural light, per 
descriptions of expert observers.
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Figure 28. Ronchamp, solar orientation: maximum and minimum noon sun 
elevations (transverse section looking east), (a) Summer solstice; (b) winter 
solstice.
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Figure 29. Ronchamp, solar orientation: angle of sun at winter solstice, 
measured from due east-west axis; (a) sunrise, (b) sunset.
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Figure 30. Ronchamp, solar orientation: angle of sun at summer solstice, 
measured from due east-west axis; (a) sunrise, (b) sunset.
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people and once again and draw them back to the church. Couturier succeeded 
in gaining the work of Matisse, Léger and Chagall for the church; it was mostly 
his persuasion that led to Corbusier’s designing the Ronchamp chapel. The aim 
of the church, then, was to commission a modem chapel that would move the 
emotions of the populace in a fresh way to help bring them back, to strengthen 
the church (Raeburn 1987, 247).
The site is a hill which has had both religious and military significance for 
centuries, reaching back to its use as a site where a prehistoric sun cult 
worshipped. The site has apparently been in continuous religious use since. In 
medieval times the site was associated with the Virgin and became a destination 
for pilgrims who came to benefit from the magic powers of the Virgin’s effigy 
(Gans 1987, 75). The site in 1950 was still a pilgrimage site, visited by ten 
thousand pilgrims twice a year.
The spiritual point of view of the architect is pertinent as well, as the 
chapel turned out to be such a personal expression of his aesthetic views. 
Corbusier’s upbringing had been Protestant. He was fond of repeating the story 
of how the church had persecuted his Albigensian ancestors, driving them out of 
France, and had once written a monk at La Tourette “I do not bear grudges, 
despite everything which the Dominicans did to my ancestors.” Le Corbusier 
originally turned down the project, saying he would not work for a “dead 
institution.” Maurice Jardot, the church-connected friend who was charged with 
persuading Corbusier to accept the commission, convinced him with the promise 
of free reign to “go all the way” and the fact of the living pilgrimage tradition.
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But in this project Corbusier dealt with a spirituality that was basically 
human rather than specific to the church. He saw the spiritual quality of the site, 
perhaps seeing it in the same grandeur that attracted past generations to it:
It is a pilgrimage site, but there is also something here much deeper than 
people generally think: places are consecrated for various reasons-the 
side, the landscape, the geological location, political tensions—affecting 
the place. There are places called high in the two senses of the term: 
they are high but also elevated. (Petit 1970)
In his dedication speech in 1956, Le Corbusier said “The feeling of the 
sacred animated us. Some things are sacred, others not, irrespective of whether 
or not they are religious” (Raeburn 1987, 247). He visualized the chapel as a 
place where the sacred produced a feeling of peace and inner joy. The sense of 
the eternal, or at least of the lives of humans over a passage of eons, must also 
have interested him: in describing the modem music he wished to play from the 
tower he metaphorized it as a “limitless voice coming from the most distant ages 
and reaching the most modern hours of today” (Gans 1987, 75). It was thus a 
basic human spirituality he was seeking to express rather than any specific 
Catholic devotional style.
Architectural Era and Tradition
Functionally, the chapel had two goals: to provide an intimate place of 
worship for individuals and small groups, and to accommodate ten thousand
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pilgrims at once. The Catholic church had a long architectural tradition of both 
pilgrimage churches and small chapels. Corbusier’s design succeeded both 
functionally and aesthetically by following none of the traditions. Functionally, 
the idea of the indoor-outdoor chapel was original. Aesthetically as well 
Corbusier was treading new ground at the same time that others were so 
enthusiastic about the mature International Style he himself had been so 
involved in creating. Fletcher sees the chapel stylistically as “not subject to 
systematic analysis either to the work of Le Corbusier of to other religious 
buildings” (1987, 1354). Jean Labatut of Princeton saw in it influences from 
Bernini and Borromini, Perret, the Greeks and the Mayans (1955). The design 
was in face influenced by Corbusier’s study of indigenous architecture that he 
had been pursuing throughout his architectural career. Sigfried Giedion saw it 
as symbolizing a major change into a new, purposeful modem aesthetic, asking
Are we actually at a change of eras? Will the prevailing taste, that has 
befuddled the aesthetic judgment of the masses for a century and a half, 
disappear and take with it the tragic dichotomy between thinking and 
feeling? From now on, will it be the few forces that have power to use 
spatial imagination that will be called on for jobs, and not merely clever 
imitators? It almost seems so. (1955)
Structural System
There is nothing inherent in the structural system that naturally leads to 
the daylighting techniques used or that it dictated by the desired qualities of the 
daylighting openings. The possible exception that can be seen to this is
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perhaps the roof that hovers above the wall, allowing a slit of light to enter. Le 
Corbusier used brick, stone from the previous church destroyed by artillery fire, 
concrete piers, and gunite to produce the form that he had already determined 
was appropriate for the site and for producing the appropriate spiritual 
symbolism. The thick south wall, which allows the widely splayed windows, is so 
for aesthetic reasons, not because it is a heavy bearing wall: it is actually made 
of wall skins on both the interior and exterior surfaces. The same windows 
elsewhere likewise are so in order to produce the atmosphere desired by the 
architect, and are not limited in size by the structural system.
Solar Orientation and Angle Analysis
The chapel is carefully laid out for daylighting. The altar is to the east, as 
is traditional. The great windows with the inward splay are to the south; these 
provide the greatest portion of the interior light. The sunscoops over the chapels 
^ce all the other cardinal directions, providing a different kind of light in each. 
See Figures 29 and 30.
Davliohting Design Concept
Le Corbusier was a master of daylighting design, having early in his 
career stated that light was at the heart of architecture, and devoting much study
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to the provision of natural light in scientifically sufficient levels. More and more, 
with his projects in warm arid climates, his concentration turned more to 
controlling solar heat than to providing natural light. The role of light, however, 
at the same time turned more to the “symbolic, mysterious and poetic, describing 
and intensifying the volume, space and architectural meaning” of his buildings, 
as Sobin explains (1991 ). Corbusier thus put his virtuosity to work in allowing 
very controlled and specific daylighting from a variety of sources in creating the 
air of peace, calm and inner joy he sought to produce.
Davliohting Techniques
The exterior expression of the daylighting elements somewhat prepares 
the visitor for the lighting condition inside. The daylighting structures- 
"periscope" lightscoops, splayed windows-are prominent features of the exterior 
design. With the small window area the chapel looks as though it would be dark 
inside. The lightscoops are an obtrusive sculptural form rising above the hull­
like roof.
The light sources themselves include toplighting and sidelighting, and are 
different in all four cardinal directions. The south windows, the source of most of 
the admitted light, are widely splayed in the thick wall and irregularly, seemingly 
randomly shaped and located. They contain combinations of clear and colored 
glass placed in the small, exterior side of the splay, imparting a blue, green, 
yellow or red shades of varying intensities to the inner surfaces of the splays.
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The east wall contains one sizable window and a few tiny, scattered square 
openings that provide pinpoints of light. The north wall has small windows that 
again seem randomly placed. There are glass panels above two of the three 
exterior doors. The windows strongly draw attention to themselves with their 
irregular location and shape and their color.
The main room is also toplit by a crack several centimeters wide that runs 
between the south and east walls and the roof. The chapels are lit by a 
lightscoop above each, each lightscoop facing a different direction. The toplight 
from both sources is a reflected light that is still strongly directional in the 
chapels. The wide window splays serve to diffuse the light entering the main 
room.
The interior is gunite, mostly painted flat white, with a rather rough 
surface texture. The ceiling is grey concrete, rough textured with the formwork 
board marks prominent. The floor is a light tan. The light-colored but flat- 
finished surfaces of the interior reflect light but still produce more of a directional 
feel than a strong overall glowing effect. The rough textures are clearly evident 
and modeled in the directional light. Special effects are produced in one chapel, 
where the walls are pointed red, and in the violet wall near the entrance to the 
sacristy.
Ambient light levels are low. Reviewers have characterized the levels as 
“half-darkened" (Giedion 1955) and “cave-like" (Gans 1976). Contrast levels are 
high, to the point of glare, especially at times of day when direct sunlight is 
admitted. The light gradient on the walls is prominent in both the nave and the 
chapels. There is sparkly from the direct sunlight falling on the window splays
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and floors. There are areas of darkness inside, such as beneath the pulpit or 
behind the main entrance when the pivoting door is closed. The nave lighting in 
the field of vision thus ranges from the glare of direct sunlight to considerable 
shade.
The overall effect may be “dark” and “cave-like” as reviewers have found 
it, but visually the effect is lively and varied, with light sources of many shapes, 
light filtered into colors, and shadows cast in many patters as the light highlights 
the textures ands shapes of the interior surfaces. Yet even with this visual 
variety, the darkness of the ambient level and the shadowy quality of many of 
the surfaces contribute to an overall calm, subdued, protected impression.
Resulting Effect and Relation to Religious Goal
As mentioned before. Le Corbusier sought an interior that would produce 
a feeling of inner peace and joy. The popularity the chapel has enjoyed since its 
completion demonstrates that Corbusier was successful in meeting his 
objectives: at first criticized, the chapel shortly won over the Ronchamp
community and now attracts the faithful as well as observers of architecture as 
does no other modem religious building in Europe.
The overall lighting levels correspond to the findings of researchers such 
as Flynn who find darkness conducive to meditation, brightness to mental 
activity that is outwardly drawn. The interior of the chapel, somewhat dark, has 
a meditative mood; the exterior, bathed by the brightness of the sky and sun
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which model the highly plastic forms, focuses advantageously the attention of 
participants during the more social pilgrimage experience. In the interior, the 
directional feel of the light from the splays, pinpoint openings, ceiling crack and 
lightscoops and the suggestion of its intensity due to rather pronounces contrast 
levels demonstrate that notable emotional effects can be produced by such 
directionality and contrast. Ronchamp’s effects again call to mind Burke’s 
sublime, the intensity of light, dark and form creating an experience notably 
distinct from one’s day-to-day surroundings and bringing to mind the ideal of 
infinity or ultimate reality.
Le Corbusier’s accomplishments in the building demonstrate that it is not 
necessarily any strong feeling about a particular religious doctrine that will 
produce the desired symbolism but rather an intimate knowledge of the human 
experience of the sacred and sublime.
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TABLE 16 
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TABLE 17
RONCHAMP -  AVERAGE ILLUMINANCE RATIOS PER UNIT
SOUTH
AVG. WINDOW
fL SPLAYS
NAVE 10 11
SOUTH WINDOW SPLAYS 1100
(Values estimated.)
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TABLE 18
RONCHAMP -  
REFLECTANCES OF PRINCIPAL INTERIOR MATERIALS
MATERIAL
PER CENT 
REFLECTANCE
Point, white (walls) 7 0 -9 0
Point, dork (ceiling) 2 0 -2 4
Stone floor 18
Wood (seots) 4 0 -5 0
(From De Chioro 1991, 1013; Lechner 1991, 314; 
Stein and Reynolds 1992, 1003.)
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CHAPTER 11 
CRYSTAL CATHEDRAL 
(GARDEN GROVE COMMUNITY CHURCH)
Garden Grove, California 
Architect: Philip Johnson and John Burgee 
1979-1980
A structure covered totally in glass, the Crystal Cathedral won praise and 
criticism from reviewers as a high tech expression of the traditional church. It 
represents an extreme example in daylightng in that the entire building skin is 
window.
Religious Tradition and Context
The Garden Grove Community Church is a congregation of the Reformed 
Church in America, a descendant of the Dutch Reformed Church. A Calvinist 
church, the Reformed Church retains simplicity in ritual, dogma and hierarchy, 
with much freedom among congregations in the conduct of services, as well as 
traditionally in architectural expression. Calvin's teaching held that humans are 
incapable of understanding spiritual and eternal matters, but promoted the 
innate human ability to excel in temporal affairs. Calvin’s teachings thus 
encouraged secular learning and artistic expression, and his followers were
144
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Fig. 31. Crystal Cathedral, (a) Exterior (reprinted by permission, all rights 
reserved by Crystal Cathedral Ministries,), (b) Interior (photo by the author).
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Figure 32. Crystal Cathedral: subjective interior mood created by natural 
light, per descriptions of expert observers.
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Figure 33. Crystal Cathedral, solar orientation: maximum and minimum 
noon sun elevations (transverse section looking east), (a) Summer solstice; 
(b) winter solstice.
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Figure 34. Crystal Cathedral, solar orientation: angle of sun at winter 
solstice, measured from due east-west axis; (a) sunrise, (b) sunset.
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Figure 35. Crystal Cathedral, solar orientation: angle of sun at summer 
solstice, measured from due east-west axis; (a) sunrise, (b) sunset.
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leader in the development of modem science. Calvin believed that our reason 
can help us understand the message of the holy scriptures (Bishop and Darton 
1987,118).
More important in the Garden Grove congregation, however, is the 
charisma and beliefs of the pastor, the Rev. Dr. Robert Schuller, who 
commissioned the construction of this church. Schuller is a psychologist by 
training and teaches his own brand of religion based on self-esteem, self- 
motivation, and a positive outlook he calls “possibility thinking.” It can perhaps 
be said that this brand of religion is more rationally based than emotionally. As 
well as pastoring to the Garden Grove community, Schuller is a televangelist in 
an age of televangelism, his services nationally broadcast. Schuller has 
reputation for some degree of flamboyance and for using nontraditional 
techniques to spread his message. He originally preached in the 1950s from the 
snack bar roof of the Orange Drive In Theater in Garden Grove. When he had a 
permanent church built he found that certain congregation members stopped 
coming to services-some people who were willing to sit in their cars through the 
service were reluctant to go into a church, whether from physical handicap, 
shyness, lack of good Sunday clothes, or the like (Pastier 1979). Schuller 
therefore recognized the need for drive-in and televised services as well as the 
traditional type in a church setting.
Schuller wants to integrate his ministry into modem lifestyles. He had 
called his Garden Grove complex “a 22-acre shopping center for Jesus Christ” 
His progressive style has been criticized by such commentators as Architectural
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Review which, in a contemporary review, called his offerings “Kentucky Fried 
God" (Pastier 1981, 148; ARev 1981,11 ).
Schuller's personal views on light were instrumental in the design of the 
glass church. Schuller feels that architecture is “anti-human," shutting off people 
from their natural habitat and thus hindering trust and communication. He 
wished for a setting where the sky and the surroundings were visible. He 
wanted to produce an environment of tranquillity because “only a relaxed mind 
can listen and think." He wanted essentially a building “with no wall and no 
roof.” Philip Johnson originally presented him a design of a building with solid 
walls and a glass roof which Schuller rejected, asking instead for one that was 
all glass. It was thus Schuller’s personal feeling of the view of nature that gave 
his church its structural and daylighting concept (Pastier 1981,151).
Architectural Era and Tradition
The Crystal Cathedral is one of a long line of glass buildings designed by 
Mies admirer Johnson. Schuller himself was aware of the historic significance of 
a previous all-glass building, the Crystal Palace. Influences cited by Johnson on 
his design were Norman Foster’s Sainsbury Centre for the Visual Arts and Mies’ 
Friedrichstrasse glass office tower. Other reviewers mention Buckminster 
Fuller’s lattice structures and Bruce Goffs 1950 design for a Crystal Cathedral in 
Norman, Oklahoma, which especially shares many similarities with the Crystal 
Cathedral (PA 1980, 78). Johnson states that this church, as with all his
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designs, was designed with a philosophy of architecture that “starts with 
structure and with function” (Pastier 1981,155-6). The architectural reviewers at 
the time were quick to point out the church’s resemblance to the glass office 
buildings of Orange County that surround the site. Philip Johnson himself saw 
the church as a modem equivalent to Paris’ Gothic Ste. Chappelle, which the 
white structural tubes serving as window tracery (ARec 1980, 80).
The architectural mood around 1980 was changing in that the 
Intemational Style and the glass box were losing their dominance. Le 
Corbusier’s progress into massive, sculptural concrete forms had long before 
become familiar. This changing mood was seen in the reviews of the church: 
what Barbara Goldstein in Progressive Architecture called “rich in imagery and 
metaphor" was seen as “a great, transparent shed” and “one-idea architecture” 
in Architectural Review (Petrus 1981, Knobel 1981). David Petrus alluded to the 
original thrust of the Intemational Style in its early decades, saying that while 
admirable in its goal to create a bold new idea, it misunderstood the nature of 
society: “humanity was not rebom after the First World War into a new liberated 
utilitarian world.” He sees the Crystal Cathedral as an anomaly that has ignored 
the recent progress of architecture:
The Crystal Cathedral is perhaps the last great expression of the man- 
bom-again into a technological wonderland. But it is created so long after 
Ronchamp and other buildings in which the founding fathers of 
Modemism rediscovered the importance of complexity, mystery and 
tradition. It is a dinosaur, evolved from highly inbred and specialized 
lineage but which itself is sterile. (1981,11)
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Structural System
The structure Is a space truss lattice which supports rectangular sheet 
glass panels. The structural system is extremely flexible in attaining a desired 
building form, and of course allows the entire building skin to be made of glass.
Solar Orientation and Angle Analysis
The church, shaped as a four-pointed star with a long and short axis, is 
oriented with its long axis running die east and west. The pulpit is located at the 
north, with the main entrance on the south, both on the short axis. The path of 
the sun and the condition of the sky outside are very apparent from the interior. 
The orientation means that, in the morning with the large “space-hangar” doors 
open, the pulpit beside the opening shines with daylight; at high noon at any 
time of year the sun is still directed enough to light the pulpit and choir from 
somewhat a face-on angle. See Figures 33 and 34.
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Davliahtina Design Concept and 
Davliohting Structures
Schuller’s original concept was that the church be “flooded with light.” In 
fact the church is flooded with a gently diffused light which is brighter in some 
directions in accordance with the sun’s direction.
The daylighting structures are in fact the exterior expression of the 
church; the form the window-skin takes is the form the church takes. The actual 
form of the church was determined for other reasons than daylighting; the plan 
to allow the congregation to be close to the pulpit; it and the elevations, to 
produce a beautiful and inspiring form. As the glass is silver-coated reflective 
glass, the interior atmosphere is not visible from outside. The glass in fact 
admits only 8% of visible light. The light’s quality on a clear day is a gentle, 
dappled quality, diffused by the glass and filtered by the lattice of the structure.
It is gently brighter in the direction of the sun: on the day this writer measured 
the light it was 1600 fc toward the sun, 400 fc away from it. Tow great doors 
extending the height of the building also open into the northeast wall by the 
pulpit. These allow a view of the pastor to drive-in worshippers but also allow 
some unfiltered northeast daylight.
The interior includes light tan materials for the floor and most of the 
furnishings, with concrete structures for the upper seating levels, and a light tan, 
polished marble-faced platform for the pulpit and choir. A small rectangular pool 
runs along the minor axis up between rows of seating. While the colors and 
textures are light, smooth and moderately reflective, the skylight from all
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directions of wall of ceiling passing through the vast enclosed volume still 
dominates the interior.
Some contrast is seen among objects whose relation to the sun angle is 
different, for example, the upper seats, each on a different plane and each 
different from the floor seating. The main contrast visible is under the balconies, 
which are relatively dark. (The entrance is located under one of these.) 
Originally the church had mylar stars, representing donors, hanging from the 
ceiling structure and catching sunlight; these have now been removed. Despite 
the abundance of sunlight, there is no glare. The overall effect on a sunny day 
is a gentle, dappled brightness. Although supplemental lighting is used when 
services are being recorded for television, the natural light is sufficient for all 
other daytime activities and no artificial light is used (Center for Planning and 
Developmental Research 1981).
Resulting Effect and Relation to Religious Goal
Schuller’s see-through church is to him a symbol of the Garden of Eden, 
humankind in its natural environment where it can relax, be open, communicate. 
Its daylighting reinforces this symbolic location, allowing the day to flow onto the 
occupant, allowing the sky to prevail whether there is sun, clouds, rain or fog. 
Most of the architectural reviewers writing about the church upon its completion 
described the daylighting with the word “pleasant.” Some remarked on the 
muted quality of the light and also called it “inspiring.” One reviewer states that
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the effect is “not mysterious by matter of fact and physical;” to him the mood 
created is more of relaxation than any more sublime emotion, appropriate for 
“Schuller’s particular forum for religion...based more on psychology than upon 
traditional Christianity” (Pastier 1981). But this is in line with Schuller’s desire to 
relax the audience so that they may think.
The quality thus meets Schuller’s goal of a “tranquil” place where “a 
relaxed mind can listen and think.” In relation to the finding mentioned in earlier 
chapters that brightness encourages focus on objects outside oneself, darkness 
encouraging inward focus, the mottled brightness here seems to encourage 
some of both-a focus on the proceedings with enough tranquillity for mental 
work, perhaps a state of heightened clarity and awareness, similar to that 
produced by meditation.
A summation of the means and effect may state that total daylight and 
sunlight, unblocked by walls but filtered on two levels—first evenly filtered by 
reflective glass and them more coarsely by a lattice structure—successfully 
produces a moderately lit, grove-like lighting environment that is conducive to 
tranquillity and meditation.
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TABLE 20
CRYSTAL CATHEDRAL -  AVERAGE ILLUMINANCE RATIOS PER UNIT
AVG.
fL
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VIEW TOWARD SUN 1600 4 160
VIEW AWAY FROM SUN 400 40
BENEATH BALCONIES 10
(Values by APEX method.)
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TABLE 21
CRYSTAL CATHEDRAL -  
REFLECTANCES OF PRINCIPAL INTERIOR MATERIALS
MATERIAL
PER CENT 
REFLECTANCE
Glass, reflective 2 0 -4 0
Marble, polished (dark) 25
Paint, white (structural tubes) 7 0 -9 0
Wood (seats, trim) 4 0 -5 0
(From De Chioro 1991, 1013; Lechner 1991, 314; 
Stein and Reynolds 1992, 1003.)
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CHAPTER 12 
CONCLUSIONS AND DESIGN RECOMMENDATIONS
The preceding discussions demonstrate that light in religious buildings is 
a strong symbolic and mood-creating factor. Light operates on both levels of 
symbolism, the intellectual level that rationally links it with divinity and the 
emotional level, at which the rational idea is linked with the emotion associated 
with it. Light's religious meaning as a metaphor for divinity or the sacred 
apparently developed ultimately from the basic facts of human physiology-that 
light allows vision and thus provides for the key to productive human activities. 
The emotional effect is also clear light eliminates the unknown-and the fear of 
the unknown-that comes with darkness. These meanings are so fundamental to 
humans that the light metaphor’s significance is mostly religious, religions being 
the institutions through which humans deal with the unanswerable questions of 
the world around them.
The daylighting design of religious buildings for attainment of the proper 
symbolic light atmosphere need to be based on two religious factors: (1)
mystery vs. rationality and (2) response desired from the participant.
The first of these is important because religions fundamentally deal with 
mysteries. Different religions and cultures treat these mysteries in different 
ways: some faiths tend toward a more rationalized, Westem approach in which
160
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Figure 36. Summary of daylighting and its effect in case study buildings:
(a) subjective mood, (b) median lumen level for major interior spaces, (c) 
median illuminance ratios between major interior spaces (graphic summaries 
derived from previous tables; figure continued on following pages).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(4) Wayfarer's Chapel
IT
(5) M .I.T. Chapel
(6) Ronchamp 
Figure 36 continued.
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(7) Crystal Cathedral 
Figure 36 continued.
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the church's dogma and prescriptions are meant to appeal to reason. Other 
churches accept the irrationality of faith (as in the early Christians' motto "I 
believe because it is absurd") (De La Croix 1986, 248) or the inability for 
humans to comprehend the divine. Religions vary greatly in this; within Christian 
sects alone one finds a large range in this factor. This will most likely also be 
expressed in the level of formality of their ritual-compare Schuller’s focus on 
sermon with the stylized Orthodox Liturgy of St. John Chrysostom. The building 
thus should use daylighting to express the orientation of the particular faith 
toward mystery or rationality.
The second point is important because religions also differ greatly in the 
response desired from participants. Some rituals promote individual meditation 
or an abstract emotional response secretly experienced by the individual, while 
others expect a rational agreement, or perhaps emphasize a joyful communal 
spirit with free social interaction. Daylighting should encourage the proper level 
on this scale of individual meditation and social participation.
Daylighting thus should be appropriate for
• focusing the congregation on the action of the service
• creating the proper mood
• promotion individual reflection, community spirit, or a continuum of these.
A basic graphic summary of moods associated with the lighting effect in
the case study buildings is presented in Figure 36. In general, the summary 
confirms that the buildings rating higher on the subjective scales, particularly the 
clarity/mystery scale, tended to have the higher maximum contrast levels 
between major interior spaces. These particular buildings may be seen as
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confirming Edmund Burke's evaluation of the dramatic quality of darkness-at 
least of the presence of some darkness in the overall interior composition, as the 
buildings ranking higher on the subjective scales mostly included bright 
contrasts as well. The two buildings ranking lower on the clarity/mystery scale. 
Wayfarer's Chapel and Crystal Cathedral, were buildings that had the lowest 
contrast levels of the seven buildings (keeping in mind that the darkest areas of 
the Crystal Cathedral were circulation areas under the balconies rather than 
occupied spaces). Brightness ratios and brightness levels did not correlate 
consistently with the ratings on the calming/stimulating scale; the overall 
analysis suggests that the buildings with a moderate or low light level 
predom ina ting  in  th e  nave  tend to score lower or neutral in this aspect, while the 
highest-scoring building, Vierzehnheiligen, was also the building with the 
brightest lighting. Building scores on the focusing/distracting scale again 
correlated not with absolute brightness or contrast levels but with the brightness 
levels predominating in the main occupied area: M.I.T. and Ronchamp, with the 
darkest naves, scored most toward focusing on this scale, reinforcing the 
assertion that lower levels contribute to the inward focus of one's attention.
The following recommendations must be combined with reference to the 
overall religious intention of the building. Upon determination of the religious 
goal, techniques from these recommendations may be selected to create the 
qualities desired of the building. The sources that demonstrate the principle are 
mentioned parenthetically with each.
To encourage a sense of mystery:
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• Use a relatively low light level (Hagia Sophia, Ronchamp, Burke).
• Use highly diffuse light. Diffuse light heightens the sense of mystery 
because the light source appears ubiquitous and unlocatable, differing greatly 
from our day-to-day experience. Use highly reflective materials to promote 
diffusion (Hagia Sophia, Vierzehnheiligen, Birren, Matlin and Foley).
• Use bottom lighting. This again promotes a sense of difference from day- 
to-day experience, as humans expect light to come from the top and assume it 
does (Matlin and Foley, M. I. T.)
• Use brighter light levels higher in the structure, darker ones at the 
occupied level. This draws the eyes upward (where divinity is assumed to be) 
and brings focus thus on the divine world rather than the mundane occupied 
level (Hagia Sophia, M. I. T.)
• Use bright accents that contrast highly with the overall level to create 
drama (Chartres, Hagia Sophia, M. I. T.)
To complement elaborate ritual:
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• Use a wide range of light levels that illuminate elaborately formed, plastic 
surfaces that create a play of light and shade (Hagia Sophia, Vierzehnheiligen, 
Chartres).
To encourage individual meditation:
• Use lower light levels (M. I. T., Ronchamp).
• Provide a bright point of focus (M. I. T., Ronchamp, Birren).
To encourage acceptance of rational argument and thinking:
• Use a moderate light level (Crystal Cathedral, Birren).
To encourage congregation participation:
• Use a moderate to relatively high light level (Crystal Cathedral, Birren).
To encourage a sense of joy:
• Use a moderate to relatively high light level with a range of contrasts,
accents, sparkle and pattern (Wayfarer's Chapel).
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APPENDIX 1
APEX LUMINANCE CALCULATION METHOD
APEX calculations make it possible to measure light levels with an 
ordinary photographic meter that indicates exposure time and f-stop for a given 
film speed. Although such a meter does not provide cosine correction and 
other such features desirable to perform a detailed light analysis, it suffices to 
provide a general numeric value for a given light level.
Formula:
[Aperture value + Time value] = [Light value + Speed value]
A„ + T„ = Lv +  Sv ;
A„ + T„ - Sv = U
When values are substituted in accordance with the conversion chart on the 
following page, the footcandle level of the light is the result.
168
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
169
APEX CONVERSION FORMULAS
Av 0 1 2 3 4 5
F -N 1 1.4 2 2.8 4 5.6
T , 0 1 2 3 4 5
T 1 1 /2 1 /4 1 /8 1 /1 5 1 /30 second
Bv 0 1 2 3 4 5
B 6 12 25 50 100 200 fc
Sv 0 1 2 3 4 5
s 3 e 12 25 50 100 ASA
Av 6 7 8 9 10
F -N 8 1 1 16 22 32
Tv 6 7 8 9 10
T 1 /6 0 1 /125 1 /2 5 0  1 /500  1 /1000 second
Bv 6 7 8 9 10
B 400 800 1600 3200 6400 fc
Sv 6 7 8 9 10
S 200 400 8 0 0 1600 3200 ASA
Av =  
Ty =  
Bv =  
Sv =
Log, (F -N ) '
Log 2 1 /T  
Log, B /6  
Log, S /3
(S troebe l et ol. 1990, 54 )
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APPENDIX 2
REFLECTANCES OF COMMON MATERIALS
MATERIAL
PER CENT 
REFLECTANCE
Aluminum, polished 7 0 -8 5
Asphalt 7 - 1 0
Brick, red 2 5 -4 5
Concrete 3 0 -5 5
Gloss
-  clear or tinted 7
-  reflective 2 0 -4 0
Granite 40
Grass
-  dark green 10
-  dry 35
Marble, white 45
Mirror, glass 8 0 -9 0
Paint
-  light 7 0 -9 0
-  medium 3 5 - 6 4
-  dark 4 - 2 4
Porcelain enamel, white 6 0 -9 0
Sandstone 18
Slate 8
Snow, new 75
Vegetotion, average 25
Wood 5 - 5 0
(From De Chioro 1991, 1013; Lechner 1991, 314; 
Stein and Reynolds 1992, 1003.)
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APPENDIX 3
RECOMMENDED LUMINANCE RATIOS
AREA
RECOMMENDED
RATIO
Between task and 
adjacent surroundings 3:1
Between task and more 
remote darker surfaces 10:1
Between task and more 
remote lighter surfaces 0.1:1
Between luminaires/fenestrotion 
and surfaces adjacent to 
them 20:1
Anywhere in normal field 
of vision (desirable) 40:1
Anywhere in normal field 
of vision (acceptable) 80:1
(From Stein ond Reynolds 1992, 958, 1071)
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APPENDIX 4 
COPYRIGHT PERMISSION FORMS
iFttinifsibii to Quote Copyz<ghtod Material
holder of cppyiifht m tteiiai entitled , Xhipcl;
hereby give permissioi| to gTBdnaie student Mary T. Venable.
to quote in bis/her masa 
described work adtfch is
I  also permit the quoted 
ihesis/disaertation nbffl 
reproduction. luoderst
t’s thesisfdocioral dissertation that portion of the above 
indicated in the attached xerographic copy.
material to be induded in copies of the completed 
tied to University Microfilms, Inc. fbr microform 
ad that proper sdwlarly citation will be adhered to.
. . _ _ _ _ _ _ _  . \ 4 ‘è ^
Signature
' f -
/  Dale
Name(^ yped)
Addresi
A * /
jK jb iu e
Please return tU f farm ( 
MvyT. Venable 
P.O. Box 61914 
BoalderQty.NV 99006
attachment) directly to:
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Permission to Quote Copyrighted Material 174
holder o f copyright material entitled Space Into U^ht 
rbv Christian F. Dtto. 1979. Cambridge: MIT Press
>
hereby give peimissioi
i
to graduate student _ . Mary T. Venable
to quote in his/her mas 
described work which
I  also permit the quotei 
thesis/dissertation; subu 
reprodiictiott. lunders
1
er’s thesis/doctoral dissertation that portion o f the above 
s indicated in the attached xerographic copy.
i material to be included in copies of the completed 
lined to University Microfilms, Inc. for microform 
and that proper scholarly citation w ill be adhered to.
!I
Signature
Po\  ^Cv
( Date
(^ u  1 —
Name (typed)
(W I r >
Address
(4-31 Vj w cL )—'
C  Cvwx i  -^1 Aa /F  0 1 -1 4  7 -
EYefeired credit line, if
Please return dUs fon
Mary T. Venable 
P.O. Box 61914 
Boulder City, NV S900
1 (w ith attachment) directly to:
5 :
1
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March 2 5 , 1997
Mary T. Venable 
PO BOX 61914 
Boulder City, NV 8 9 0 0 6
13280 Chapman Ave. 
Garden Grove 
CA 92640
RE: PERMISSION TO INCLUDE A POST CARD
PHOTOGRAPH OF THE CRYSTAL CATHEDRAL IN A MASTER 
THESIS AND TO HAVE SAME REPRODUCED ON MICROFILM 
BY UNIVERSITY MICROFILMS. INC.
Dear Ms. Venable:
This letter is written response to your request 
for the above referenced. You would like to 
include a photograph of The Crystal Cathedral in 
your Master's Thesis.
In granting this permission it is understood 
that you will indicate that the photograph was
used by permission of Crystal Cathedral
Ministries and that all rights are reserved by 
S2une. It is further understood that this work 
will not be used for commercial or profit
purposes.
On behalf of Dr. Schuller and our Ministry I 
send you our congratulations. To earn your
Masters Degree is a great achievement and our 
prayer is that He will guide and bless you in 
future goals.
With blessings,
h n ù ]  L .
Sheriden Stolarz 
Executive Assistant
r ( r u (
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APPENDIX 5
APPLIED DESIGN PROJECT;
“THE KNOLLS” RETREAT CENTER AT LAKE MEAD
PROGRAM FOR A RETREAT CENTER AND RESORT 
AT LAKE MEAD NATIONAL RECREATION AREA 
BOULDER CITY. NEVADA
PREMISE, PROGRAM ANALYSIS, CONCEPTUAL DIAGRAMS, 
AND DETAILED SPACE REQUIREMENTS
PREMISE
This project, a retreat center, is conceived as a specialized resort to be 
located on a lakeview site in the Lake Mead National Recreation Area and 
operated by a private concessionaire to the U.S. Park Service. The program is 
based on a synthesis of various retreat centers in the United States. These 
centers, of which at least 200 can be found in the westem states alone, have as 
a common element a focus on spiritual renewal provided through a period of rest 
from the visitor's everyday life. Many are connected with a religious 
organization, while others are focused around a formal philosophy or even less 
formal foundations that manifest themselves as a mode of lifestyle. Common 
secular principles in retreat centers include respect for nature, self-sufficiency, 
simplicity in life, and respect for humankind.
A gamut of facilities and activities can be found under the umbrella of
185
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retreat centers. Retreats can have a capacity of a few guests to several 
hundred. Some resemble traditional monastic communities, and are run by 
monastic orders; others are more recreational or educational in their focus. 
Activities may include formal classes, seminars or scheduled group meditation; 
work camps; individual activities such as hiking, reading, and crafts; and 
individual and team sports. Accommodations include camping, dormitories, bed- 
and-breakfast, or hotel-style rooms. Some foster individual contemplation, 
others fellowship. Centers may be located in nature preserves, on farms, in 
suburbs - for the most part in quiet surroundings, rarely in urban areas.
Different centers thus exhibit all ranges of daily activities. Physical 
facilities in the U.S. also exhibit a full range of styles, some more in a historic 
vein, but most being innovative and more influenced their response to their site 
and by contemporary architecture.
This project thus assumes a client engaged in functions that are typical 
for a retreat center offering both unstructured individual spiritual relaxation and 
group seminars. The nature of the seminar function is modeled after that of the 
Star Island Conference Center, run by the Unitarian Universalists and the United 
Church of Christ. The organization is assumed to be progressive, concerning 
itself with modem issues of ethics and life, while seeking understanding of 
fundamental issues. This progressivism is thus seen in the activities as well as 
in the form the buildings will take. No religious orientation is assumed. The 
aesthetic expression of the buildings should be conducive to active philosophical 
inquiry, individual relaxation, and contemplation. The assumption is that special 
fundraising has produced the money for construction, but that the community 
must be self-supporting after occupying the facility, thus placing a priority on life
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cycle and O&M efficiency over first costs. Energy efficiency, ecological 
responsibility and psychological mood are all priorities for the facility, and will be 
emphasized in the form of the building and its energy and daylighting 
approaches.
The client has a staff of 10 conference leaders as well as administrative 
and service personnel, for a total staff of 45. There are also visiting conference 
leaders from other organizations. Conference leaders often work in teams with 
their spouse; conference participants often also attend in couples. Many staff 
members, including conference leaders and service personnel, live temporarily 
at the facility, with permanent homes elsewhere. Lodging capacity is for 40 staff 
and 160 guests.
The site is at Lake Mead, above Lake Shore Road where it passes 
Boulder Bay, an undeveloped area adjacent to the Lake Mead Marina but 
visually separated from the marina by knolls and ridges. The U.S. Park Service, 
which administers this land (in the Lake Mead National Recreation Area) has 
zoned the area around the marina as Development Zone, for limited resort 
activity by private concessionaires. The client judges the rugged, natural beauty 
of the lakeside site to be conducive to the reflective mood appropriate to their 
activities.
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FUNCTION
G O AL
Mission:
• conduct sem ina rs  on a variety of topics, both with in-house staff and with 
outside organizations
• provide a pleasant vacation  experience
• maintain a com m u n ity  a tm osphere  conducive to the above
Maintain a p a rtic ip a n t lo a d  of 45 staff, with up to 160 guests at once.
Foster a positive  a n d  coopera tive  so c ia l a tm osphe re  for both staff and guests
Promote soc ia l a w a re ness  and its application in everyday life.
Provide m odera te  in te g ra tio n  of functions among both inhabitants and guests to 
promote a relaxed community atmosphere, yet with enough separation for quiet 
work.
FA C T
Initial community size 40; up to 120 guests at once.
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Occupations: seminar preparation, research, writing, publication layout and 
editing, seminar presentation, administration maintenance, cleaning, food and 
beverage service, informal sports functions, recreation.
Activities: individual and group work, recreation (sports, relaxing),
contemplation.
Work schedule: similar to an office. Seminar activities sometimes carried out in 
the evening; recreational opportunities provided during both day and evening.
Inhabitant characteristics: male and female, all ages, a high proportion college 
educated and physically active.
Guest characteristics: both sexes, all ages, many college educated, interested 
in philosophical and ethical issues; many in business, involved in professional 
organizations, or working for large corporations; most view their visit as a 
retreat/vacation, even when attending business or professional conferences.
Community characteristics: separate factions exist in seminar leaders, 
administration, support personnel, and hospitality and service personnel; intent 
is to discourage hierarchical atmosphere.
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HIERARCHICAL ATMOSPHERE DISCOURAGED
FUNCTIONAL RELATIONSHIPS
ENTRY
COMMON
SERVICE
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C O N C E P T
Retain current group size of members and guests.
Privacy needs of the work: provide quiet space without compromising
community atmosphere.
Relative position, size, quantity of functions: moderately integrate participants 
and staff.
Common space: recreation, dining and lounging will be integrated between staff 
and and participants of several concurrent seminars.
N E E D S
Space needed : sufficient to provide relaxed atmosphere.
Parking/outdoor space needed: Enough for 1 car each for 45 staff, 1 car per 1.5 
guests; recreational, sports, social, nature, solitude areas.
Building efficiency ratio: no strict limits.
Cost implications: Economical efficiency desired as to building costs. Extra 
front end expense to lower life cycle and O&M costs are acceptable.
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PRIVACY
■ m
m m
PROVIDE QUIET WORK SPACE WITHOUT COMPROMISING 
SOCIAL, COMMUNITY AND RESORT ATMOSPHERE
P R O B LE M
The facility is to provide an environment for persons attending a variety of 
resident conferences, including business and professional conferences ans well 
as seminars of special interest that are open to the general public; and for the 
staff conducting the conferences, including conference leaders as well as 
administrative, support, and hospitality personnel. These activities will provide 
for interaction among the staff and the participants in different seminars being 
held simultaneously. The guests view the seminars as a retreat/vacation and will
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
193
engage in recreational activities appropriate to both professional/business 
conference and a vacation in a lakeside resort.
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FORM
G O A L
Client attitude toward site is that the ruggedness a n d  n a tu ra l beau ty  sh o u ld  
enhance the  In te lle c tu a l q u a lity  of the functions performed within the facilities.
The facilities should not overpower the site and should b le n d  w ith the  site.
Neighboring facilities (currently a marina, future limited resort activities) are 
physically hidden from view by terrain and require no masking or separation. 
View of facilities from the road should be unde rs ta ted  a n d  d ign ified , with perhaps 
some element of dram a. View of lake  should be prominent 
from within the facility.
Atmosphere of facility should be quiet, in te lle c tu a lly  active , re laxed. Form and 
lighting should fa c ilita te  in te lle c tu a l a c tiv ity  in work and seminar areas, a 
com m unity fe e l in social areas, and an em otiona l, s p iritu a l m ood  in 
contemplative spaces, and a re laxed, vacation m ood  in residential spaces.
Facility should be env ironm en ta lly  frie n d ly  and  econom ica l, employing low 
energy and fuel conserving features.
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ENVIRONMENT
FACILITY SHOULD NOT OVERPOWER THE SITE 
AND SHOULD ENHANCE ITS NATURAL VIGOR AND BEAUTY
FA C TS
Site is an alluvial slope surrounded by a small highway and Lake Mead on the 
lower side, rocky ridges on the two short edges (one of which is a minor wash), 
and steep red sandstone mountains on the uppermost edge.
Climate is extremely hot in summer (11CT-115* is common), pleasant in other 
seasons, often extremely windy in fall and spring.
Form of building, FAR, GAC, etc. and not prescribed but are subject to 
negotiation with the Park Service.
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Surrounding materials are reddish sandstone, black volcanic rock, sand; native 
vegetation, notably creosote (larrea tridentata).
As a feeling of permanence is desired, funding will be available for good quality 
construction. Efficiency ratios are mainly important insofar as providing for the 
needed functions on the site; site is sufficiently large for this.
TERRAIN
NATURAL SLOPE SHOULD BE RETAINED
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CO N C EPTS
Natural rocky features are to be retained; built area should be concentrated on
the alluvial slope. Natural slope should not be eliminated. *
Natural climate control methods should be incorporated: e.g. earth sheltering. 
Facility should protect occupants from extreme weather while encouraging 
occupants to take advantage of the outdoors in pleasant weather.*
Facility should be prominently oriented toward lake, with surrounding mountains 
providing a sheltered, protected feeling. *
Sense of arrival should be gradual, gentle, in harmony with natural 
surroundings. *
Facility should reflect and harmonize with quality of natural surroundings.
Architectural character should not be associated with any historical style but 
should be the most appropriate to enhance (a) the ruggedness and natural 
beauty of the surroundings and (b) the combined spiritual/emotional and 
intellectual functions. A timeless quality is desirable.
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CLIMATE CONTROL
USE NATURAL, LOW ENERGY CLIMATE CONTROL DESIGN
N EED S
Cost priorities include psychological environment, durability, and life cycle and 
O&M efficiency (higher first costs allowable as tradeoff).
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ARRIVAL
SENSE OF ARRIVAL SHOULD BE GRADUAL AND GENTLE 
IN HARMONY WITH NATURAL SURROUNDINGS
P R O B LE M
Facility should physically conform and stylistically harmonize with site, 
enhancing the natural beauty and strength of the surroundings. It should be of 
good, durable quality and should also give the impression of being very 
permanent. The facility must provide shelter from the harsh heat, cold and wind 
of the area but allow for outdoor activity in the often pleasant weather. 
Environmental systems should be energy efficient and should employ innovative 
techniques to achieve this, which also will be reflected in the aesthetic features 
of the facility. The interior and exterior should promote psychological mood of 
reason, relaxation, collegiality and contemplation in the appropriate spaces both 
in form and lighting.
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ORIENTATION
ORIENT FACILITY TOWARD LAKE. WHILE ALLOWING MOUNTAINS 
TO PROVIDE A PROTECTED FEELING
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ECONOMY
G O A L
Buildings should be efficient to operate over a long life, including energy and 
maintenance costs.
Operating costs should be minimized to allow the center's activities to cover all 
costs and produce a profit.
Construction should be economically efficient, but better than standard 
construction is desirable to achieve low operating costs, durability, and facility 
effectiveness in accomplishing the center's goals (e.g. providing effective 
psychological and practical atmosphere for income-producing seminars and 
resort activities).
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DURABILITY
CONSTRUCTION MUST BE DURABLE. AS THE FACILITY 
IS MEANT TO LAST FOR MANY DECADES
QUALITY
HIGHER FIRST COSTS ARE ALLOWABLE 
TO REDUCE OPERATING COSTS
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PHASING
PHASED CONSTRUCTION OF GUEST FACILITIES 
MAY BE ACCEPTABLE IF BUDGET REQUIRES
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F A C T S
B udget, œ s t p e r square  foot to be established.
T im e-use fac to rs  for functions:
• offices, administrative, seminar areas: constant daytime use
• dining areas: normal use
• recreational facilities: indoor - moderate use; outdoor - little summer use.
WEATHER
PROTECTION REQUIRED AGAINST HARSH HEAT AND WIND
Relative cost of energy  sources: electricity, cheap (source is Park Service 
allotment from Hoover Dam, but rates might climb dramatically in future); natural 
gas, cheap but not as cheap as electricity, high installation cost (lines must be 
run from existing marina/resort area); passive solar, moderate initial cost, low 
operation cost; self-generated power, very high initial cost, low operation cost.
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C lim a te  at site includes both extreme heat and freezing. Destructive to wood; 
concrete construction must be well designed and built. High mass building 
materials can provide insulation and thermal lag and stability. Activities 
themselves should have no adverse effect on building materials.
Materials not found at site must be shipped from Las Vegas or further, adding 
extra transportation costs.
NATURE
PROVIDE AREAS TO ENJOY NATURE OF SITE
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INTERACTION
" % —
PROVIDE SPACES THAT ENCOURAGE GUEST-STAFF INTERACTION
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CONCEPTS
Possible combination of spaces:
• seminar and assembly spaces
• staff and inhabitant recreation and dining spaces
• seminar and lounge spaces
• indoor recreation and lounge spaces
Energy conservation concepts analyzed in terms of cost:
• Passive solar massing: efficient, desirable, moderate cost
• Active solar systems: more costly, perhaps same effect could be
accomplished without active systems.
• Deep berm earth sheltering: consistent with site anyway; effective in
lowering operational costs; may require strengthened structure
• Complete earth sheltering: higher excavation, structure costs; same energy 
efficiency may be achieved through other methods.
• Insulating: the most economical.
NEEDS
(Test reality of cost estimate)
(Balance space, budget, quality)
(Evaluate life cycle vs. operating costs)
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P R O B LE M
The client wishes the design and construction to achieve the desired 
atmosphere for intellectual work, leisure activities, and social interaction, with an 
image of relaxation, drama and permanence. Operating and maintenance costs 
should be minimized, with an acceptable tradeoff of initial costs.
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TIME
G O A L
The facilities should be durable  to last for many decades.
The functions are n o t expected to  change, although the work could be done in 
different ways, requiring different spaces, in the future.
Facilities design will attempt to achieve an optimal state, but m ay n e e d  to  be  
m od l^ed  b a se d  on  experience.
FA C TS
As the facility is expected to stand for many decades, the architectural style 
should be such that it will not appear dated in future decades.
Projections show no long-term growth. Seminar activities could be carried out at 
a reduced scope initially to allow for phased construction (and thus delayed 
spending) if required by budget.
C O N C E P TS
Precise, quality construction that requires more time is preferable to loose 
quality that can be accomplished quicker.
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The community and its activities are not expected to change; however, 
provisions for expansion should be considered in the layout of the facility.
Phased construction of guest facilities may be acceptable if required by budgets: 
i.e., construction of one set of guest facilities with similar others delayed. *
NEEDS
Although funding is expected to be adequate, construction must progress at a 
reasonable pace in order to get income-producing seminar facilities into 
operation.
P R O B LE M
The design should be "timeless" to harmonize with an expected constancy in the 
unspoilt nature of the lake area. Activities are expected to remain at the same 
level indefinitely, especially scholarly activities, but seminar activities and guest 
volume could conceivably increase in the future, requiring provisions for future 
expansion.
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STATEMENT OF PROBLEM
F U N C T IO N
The facility is to provide an environment for persons attending a variety of 
resident conferences, including business and professional conferences ans well 
as seminars of special interest that are open to the general public; and for the 
staff conducting the conferences, including conference leaders as well as 
administrative, support, and hospitality personnel. These activities will provide 
for interaction among the staff and the participants in different seminars being 
held simultaneously. The guests view the seminars as a retreat/vacation and will 
engage in recreational activities appropriate to both professional/business 
conference and a vacation in a lakeside resort.
F O R M
Facility should physically conform and stylistically harmonize with site, 
enhancing the natural beauty and strength of the surroundings. It should be of 
good, durable quality and should also give the impression of being very 
permanent. The facility must provide shelter from the harsh heat, cold and wind 
of the area but allow for outdoor activity in the often pleasant weather. 
Environmental systems should be energy efficient and should employ innovative 
techniques to achieve this, which also will be reflected in the aesthetic features 
of the facility. The interior and exterior should promote psychological mood of
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reason, relaxation, collegiality and contemplation in the appropriate spaces both 
in form and lighting.
E C O N O M Y
The client wishes the design and construction to achieve the desired 
atmosphere for intellectual work, leisure activities, and social interaction, with an 
image of relaxation, drama and permanence. Operating and maintenance costs 
should be minimized, with an acceptable tradeoff of initial costs.
TIM E
The design should be "timeless" to harmonize with an expected constancy in the 
unspoilt nature of the lake area. Activities are expected to remain at the same 
level indefinitely, especially scholarly activities, but seminar activities and guest 
volume could conceivably increase in the future, requiring provisions for future 
expansion.
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CENTRALIZED CONCEPT
RESIDENTS AND GUESTS MINGLE IN COMMON FACILITIES, OTHER TYPES 
OF AREAS ARE CLEARLY DEFINED AND SEPARATED
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VILLAGE CONCEPT
DIFFERENT TYPES OF FACILITES ARE INTEGRATED ON SMALLER SCALE 
- RESIDENTIAL. WORK/SEMINAR, DINING. RECREATION. WITH SMALLER
COMMON AREA
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PROGRESSION CONCEPT
SEMINAR 
& GUEST 
FACILITIES
T
DIFFERENT FACILITY TYPES ARE ARRANGED ON A PROGRESSION 
BASED ON DEGREE OF PUBLICNESS - e.g LINEAR, UPHILL
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TERRACE CONCEPT
ALL FACILITY TYPES ARE GROUPED AROUND A CENTRAL OPEN SPACE 
INSET AND TERRACED INTO THE NATURAL TERRAIN
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FACILITIES REQUIRED 
F A C IU T Y  A R E A  ( ft^ )
STAFF FACILITIES
20 individual residential rooms @ 312 ft^ ea., incl. private baths 6,240
10 double residential rooms @ 360 ft^ ea., incl. private baths 3,600
2 small lounges @ 300 ft^ ea. 600
1 large lounge 600
Staff dining (17 ft^/psn., attached to main dining) 765
Staff kitchen 400
12,205 
GUEST FACILITIES
40 individual residential rooms @312
ea., incl. private baths 12,480
60 individual residential rooms @ 360
ea., incl. private baths 21,600
4 small lounges @ 750 ft^ ea. 3,000
2 large lounge/libraries @ 1800 ft^ ea.(incl. 700 ft^ quiet area) 3,600
Main kitchen 2,125
Main dining, separable into smaller rooms 2,500
2 bar/lounges, 750 ft^ ea. w/ 400 ft^ back area 2,000
Restrooms 400
47,705 
ADMINISTRATIVE/CENTRAL
Lobby/reception/information 600
Director 240
Administrative assts. to director - office for 2 people 240
Administrative assts., seminar activities - office for 2 people 240
Fax/mail/copier room 240
Conference room (divides into 1 600 ft^ and 1 200 ft^) 800
2,360
SEMINAR FACILITIES
3 seminar rooms to seat 50 people each, @ 525 ft^ ea. 1,575 
(incl. coffee/kitchen area 50 ft^ for each)
3 seminar rooms to seat 30 people each, @ 350 ft^ ea. 1,050
(incl. coffee/kitchen area 50 ft^ for each)
3 seminar rooms to seat 15 ea., @ 175 ft^ ea. 525
Multipurpose assembly room (max. capacity 200) 1,400
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Projector/film storage room 200
Videotape & eqpt. storage 250
Restrooms 600
5,600 
STAFF WORK AREAS
Publicity - office for 3 people 360
Supply - 2 people 240
Purchasing - 2 people 240
Food service manager 130
2 assts. to food manager 240
Personnel - 2 people 240
Clinic & nurse's office 200
Budget/accounting - 3 people 360
Computer system manager 150
Seminar development - 8 people 960
Seminar leaders -1 0  people 1,200
Word processing - 5 people 600
Library 1,500
Publication workroom & layout space 600
Restrooms 400
7,420 
RECREATION
Exercise/weight room 1,200
Sports equipment room 200
Game lounge - table tennis, darts 400
Arcade 200
2,400 
SERVICE
Seminar equipment storage 450
Pantry/ freezers/refrigeration rooms 600
10 (approx.) janitors' closets @ 60 ft^ ea. 600
Main janitorial room 250
Mechanical equipment room(s) 700
Laundry 300
2,900
SUBTOTAL 78,190
CIRCULATION FACTOR - SUBTOTAL x 25% 15,638
TOTAL INDOOR 93,828
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OUTDOOR AREAS
Central plaza 20,000
Green game field area 45,000
4 volleyball/basketball courts 35,200
4 tennis courts 24,000
Dumpster enclosure 200
External HVAC equipment 600
Utility hookup area 350
2 outdoor assemblyamphitheaters (up to 50 people) 700
Parking, covered, for 250 cars (garage) (@ 288 ft^ ea.) 72,000
5 small reading/patio/greenery areas (400 ea.) 2,000
Summit monument 400
Pool area ( incl. 1750 ft^ pool) 3900
2 spas 200
Shuttle bus loading area
Path to marina
TOTAL OUTDOOR 204,550
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DAYLIGHTING STRATEGIES FOR CREATING DESIRED ATMOSPHERE IN 
MAJOR SPACES
Desired Atmosphere 
Guest rooms
Calm, relaxing, sheltering
Daylighting strategies and structures
Moderate brightness. Diffused, 
bounced light. C eiling bounced  lig h t 
scoops, sm a ll ce iling lig h t p o rt fo r  s u n lit 
a c c e n t
Large lounoe/bar 
Sociable, cheerful, relaxing
Small lounges
a) quiet, clam for reading, relaxing
b) sociable, interactive
Patterned sidelighting and toplighting. 
Daytime moderate brightness. 
C le resto ries w ith p a tte rn e d  shade  
casting  s tructu res: la rg e  shaded s id e  
w indow s w ith lake  view ; ro o f lig h t p o rts  
o r a p se d  dom e w ith pa tte rn e d  sh a d e  
casting  devices.
Sidelight, diffused light, moderately 
bright around seating, subdued wall 
light patterns. Low contrasts. L a rg e  
shaded  w indow s w ith lig h t she lves; 
d iffus in g  ce iling  above som e se a tin g ; 
lim ite d  sky ligh ts  - e.g. ce n tra l dom e w / 
c le re s to ry  base.
Moderately bright, variety of top and 
side lighting. Large shaded windows 
with light shelves; ceiling light scoops 
of monitors, diffusing ceiling.
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Exercise/weioht room 
Active, energetic
Assembly
Engaging, meditative
Uniform, diffused toplighting. High 
brightness. B ounced lig h t scoops, 
la rg e  w indow s on no rth  s ide  (w /la k e  
view).
Moderate brightness and contrast. 
Some patterning of shadow and color. 
E xtensive  sky ligh ts  w ith  filte rin g  
dev ices (shadow  caste rs, co lo re d  
g lass). Som e spark le  o f  d ire c t sun  b u t 
a vo id  s o la r he a t gain.
Meditation
Focusing, mysterious, dramatic Dark w/bright highlights, single major 
lighting focal point, high contrast. 
N a rrow  pe rim e te r c le res to ry , na rrow  
lig h t m o n ito r ove r fo c a l ta b le  (“a lta r") 
w /re flec tive  hanging scu lp tu re . S m a ll 
sun p o rts  in  wall. E x te rio r s tru c tu re s  to  
c a s t d is tin c t shadow s.
Reception house 
Cheerful, relaxed Moderately bright, varied. Balanced 
sidelighting and skylighting. B ands o f 
side  w indow s, w/a c e n tra l s k y lig h t o r 
c le re s to rie d  dom e as focus.
Dining room lobby 
Stimulating, interactive
Bright, distinct contrasts. C ontinuous  
sky lig h t w /strong shad ow  p a tte rn in g  
e lem ents. O verhead fo lia g e  o r  
scu lp tu re . S cu lp tu ra l fu rn ish in g s  to  
d isp la y  shad ing and  shadow s.
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Dining room
Sociable, relaxing, engaging
Kitchen
Bright, high visibility, active
Conference rooms
Calm, concentrative, interactive
Library
Concentrative, high visibility
Patterned, varied sidelighting and 
toplighting. Moderate daytime 
brightness, moderate contrast. Points 
or sparkle. B o unced  lig h t scoops w ith 
shadow -casting  e lem ents. Large  
shaded  s ide  w indow s, re fle c te d  
dapp led  lig h t fro m  e x te rio r pool. 
O verhead a n d  s id e  fo liage . R e flective  
dang ling  scu lp tu res.
Uniform, diffused, bounced toplight. 
Moderately high brightness. C eiling  
bounced lig h t scoops.
Moderate brightness, diffused, uniform 
light, low contrast. C eiling bounced  
lig h t scoops, la rg e  shaded  side  
w indow s (w /lake  view ), lig h t shelves, 
low  e x te rio r fo lia g e  (to  reduce  glare  
from  pavem ent).
Uniform, moderate brightness; low 
contrast. B o unced  lig h t scoops; lig h t 
she lves on sh a d e d  s ide  w indows.
Offices
Balanced interactive/concentrating.
Outdoor spa areas 
Sociable, relaxing, cool
Moderate brightness and contrast. 
Balanced sidelighting and toplighting. 
2 -s to ry  re fle c tive  lig h t sh a fts  w /w hite  
surfaces. C le resto ries  w /Iigh t shelves, 
la rge  shaded s id e  w indow s. One w a ll 
p e r o ffice  p a in te d  in s lig h tly  da rke r 
com plem enta ry co lor.
Filtered, patterned shade. S la tted  
ram ada, s ide  a n d  top fo liage.
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Outdoor reading areas 
Relaxing, quiet, uniform visibility
Outdoor lounge area 
Cheerful, sociable, cool
Main pool area
Cheerful, sociable, active, relaxing
Uniform shaded and sunlit areas, 
w/reduced contrast from direct sunlight. 
S olid  o r tran s luce n t shad e  s tructu re , 
side foliage.
Solid and filtered shaded areas, areas 
of sparkle. S o lid  a n d  s la tte d  shade  
structures, ove rhead  fo liage , foun ta in  
o r re flective  dang ling  scu lp tu re .
Availability of sun and shade. High 
brightness. High contrast o.k. Seating  
both open to  sun a n d  u n d e r s la tte d  
shade structure . Som e o ve rh e a d  and  
side foliage.
FIvnn's categories & findings:
Spacious - uniform
Intimate - nonuniform; low levels close by, higher further away
Tense - Strong overhead
Relaxed - brighter walls, not much overhead
Pleasant - nonuniform; combination of wall light, overhead
Focused - bright work surface, some wall brightness; bright close in, darker in
distance
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OUTLINE SPECIFICATION
DIVISION 1 -  GENERAL REQUIREMENTS
01010 Summary of work 
01021 Cash allowances 
01025 Measurement and payment 
01030 Alternates/alternatives 
01035 Modification procedures
01041 Project coordination
01042 Mechanical and electrical coordination
01043 Job site administration 
01045 Cutting and patching 
01050 Field engineering 
01060 Regulatory requirements 
01080 Identification systems
01091 Reference standards
01092 Abbreviations
01093 Symbols
01094 Definitions
01200 Preconstniction conferences
01220 Progress meetings
01245 Installation meetings
01310 Progress schedules
01320 Progress reports
01330 Survey and layout data
01340 Shop drawings, product data, and samples
01360 Quality controi submittals
01380 Construction photographs
01410 Testing laboratory services
01420 inspection services
01425 Field samples
01430 Mock-ups
01440 Contractor's quality control
01445 Manufacturer's field services
01505 Mobilization
01510 Temporary utilities
01520 Temporary construction
01525 Construction Aids
01530 Barriers and enclosures
01540 Security
01550 Access roads and parking areas 
01560 Temporary controls 
01570 Traffic regulation 
01580 Project identification and signs
224
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01590 Field offices and sheds
01610 Delivery, storage, and handling
01620 installation standards
01630 Product options and substituttions
01655 Starting of systems
01660 Testing, adjusting, and balancing of systems
01670 Systems demonstrations
01710 Final cleaning
01720 Project record documents
01730 Operation and maintenance data
01740 Warranties and bonds
01750 Spare parts and maintenance materials
01760 Warranty inspections
01800 Maintenance
DIVISION 2 -SITEWORK
02012 Standard penetration tests 
02016 Seismic investigation 
02110 Site clearing 
02210 Grading
02220 Excavation, backfilling and compacting 
02230 Base courses
02270 Slope protection and erosion control
- terrace slopes at 1:1 - 2:1 using Geoweb cellular confinement system 
02280 Soil treatment
02505 Granular paving
- crushed stone paving on selected footpaths 
02510 Asphaltic concrete paving
- parking and vehicular areas 
02515 Unit pavers
- concrete, stone pavers in courtyards, spa areas 
02520 Portiand cement concrete paving
- pedestrian paths 
02580 Pavement marking
- parking and vehicular areas 
02605 Utility structures
02610 Pipe and fittings 
02640 Vaives and cocks 
02645 Hydrants 
02665 Water systems
02675 Disinfection of water distribution systems
02710 Subdrainage systems
02720 Storm sewerage
02730 Sanitary sewerage
02785 Electric power transmission
02790 Communication transmission
- telephone systems 
02810 Irrigation systems 
02820 Fountains
- 1 fountain each in main pool area and smaller courtyards 
02830 Fences and gates
- tennis courts, exterior mechanical equipment and utility hookup areas
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02840 Walk, road and paving appurtenances 
02850 Playfield equipment and structures 
02870 Site and street furnishings
- benches, bollards 
02890 Footbridges
- main pool area 
02920 Soil preparation 
02930 Lawns and grasses
02950 Trees, plants, and ground covers 
02970 Landscape maintenance 
02980 Landscape accessories
- planters
DIVISION 3 -CONCRETE
03100 Concrete formwork
03110 Structural cast-in-place concrete formwork
- domed and vaulted structures on all buildings 
Reinforcing steel 
Welded wire fabric 
Concrete accessories 
Structural concrete
- domed and vaulted structures on all buildings 
Architectural concrete 
Concrete finishing 
Concrete finishes
- exposed aggregate finishes on selected footpaths, salt finished concrete on pool and 
spa decks
03410 Structural precast concrete
- roof deck slabs on 2 large lodging buildings 
Precast concrete specialties 
Concrete toppings
- decks in office buildings, large lodging buildings 
03600 Grout
03210
03220
03250
03310
03330
03345
03350
03480
03550
DIVISION 4 - MASONRY
04100 Mortar and masonry grout 
04150 Masonry accessories 
04210 Clay unit masonry
- decorative brick veneer in lobby, lounges, bar/lounge 
04220 Concrete unit masonry
- split face CMU as main structural system for all buildings 
04270 Glass unit masonry
- glass block in seminar, lounge building walls; glass block pavers in large lodging 
buildings
04450 Stone veneer
- decorative veneer surfaces in lounges, dining building 
04555 Flue liners
04560 Combustion chambers 
04565 Firebrick
- all of above in chimneys in dining building and lounge areas
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DIVISION 5 -METALS
05050 Metal fastening
05120 Stmctural steel
05140 Structural aluminum
05210 Steel joists
05310 Steel deck
05450 Metal support systems
05510 Metal stairs
05515 Metal ladders
05520 Handrails and railings
05530 Gratings
05535 Floor plates
05540 Castings
05550 Stair treads and nosings
05584 Heating/cooling unit enclosures
05720 Omamental handrails and railings
05810 Expansion joint cover assemblies
DIVISION 6 - WOOD AND PLASTICS
06050 Fasteners and adhesives 
06110 Wood Framing
- Spa deck areas 
-6125 Wood Decking
- Spa deck areas
06180 Glue-laminated construction
- structural members in dining area, seminar buildings, lounges 
06200 Millwork
06240 Laminates
- plastic, wood iaminates in kitchen, lounges, seminar buildings 
06250 Prefinished wood paneling
- dining, lounges 
06310 Preservative treatment 
06320 Fire retardant treatment 
06410 Custom casework
- Cabinets and bookcases in lounges, seminar rooms 
06450 Standing and mnning trim
DIVISION 7 - THERMAL AND MOISTURE PROTECTION
07125 Sheet metal waterproofing 
07130 Bentonite waterproofing
- bermed portions of exterior building walls 
07190 Vapor retarders
07195 Air barriers 
07210 Building insulation
- Batt and rigid insulation in walls and ceilings 
07255 Cementitious fireproofing
- steel structural elements of kitchen 
07270 Firestopping
07530 Single ply membrane roofing
- flat portions of all roofs
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07572 Pedestrian traffic coatings
- all sidewalks and hard surfaced paths 
07576 Vehicular traffic coatings
07620 Sheet metal flashing and trim 
07710 Manufactured roof specialties
- roof expansion assemblies forconcrete panel roofs 
07720 Roof accessories
- hatches and ventilators 
07820 Metal framed skylights
- vaulted skylight in dining entry/lobby 
07910 Joint fillers and gaskets
07920 Sealants and caulking
DIVISION 8 - DOORS AND WINDOWS
08100 METAL DOORS AND FRAMES 
08120 Aluminum doors and frames
- exterior and interior doors 
08210 Wood doors
- bathroom doors in lodging units 
08305 Access panels
08325 Cold storage doors
- refrigeration room in main kitchen 
08350 Folding doors and grilles
- accordion folding doors at storage, sink areas off seminar rooms 
08420 Steel entrances and storefronts
- entry of dining building 
08520 Aluminum windows 
08710 Door hardware
08760 Window hardware
08770 Door and window accessories
08810 Glass
08850 Glazing accessories 
DIVISION 9 - FINISHES
09205 Furring and lathing
- metal lath, plaster accessories at exterior soffits on dining, seminar buildings 
09220 Portiand cement plaster
09260 Gypsum board systems 
09270 Gypsum board accessories 
09310 Ceramic Tile
- public restrooms 
09330 Quarry tile
- interior of diing, lounge buildings 
09340 Paver Tile
- patio areas 
09450 Stone facing
- retaining walls at spa areas 
09520 Acoustical wall treatment
- dining, lounges, seminar rooms 
09530 Acoustical imsulation and barriers
- interior walls in dining, lodging, seminar buildings
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09560 Wood strip flooring
- dance floor in bar-lounge 
09682 Carpet cusfiion
09685 Sfieet carpet
- dining, offices, lodging units, seminar rooms 
09910 Exterior painting
- steel trellises at isar/lounge, recreational buildings 
09920 Interior painting
09970 Wallpaper
- lodging units, lounge areas
DIVISION 10 - SPECIALTIES
10115 Markeitoards
- seminar rooms 
10160 Metai toilet compartments
- public toilets in seminar, dining, bar/lounge, recreation, office and lounge buildings 
10210 Metal wall louvers
- kitchen area 
10250 Service wall systems
- water fountains, fire extinguishers and hoses, telephones in seminar, dining, 
bar/lounge, recreation, office and lounge buildings
10260 Wall and comer guards
- comer guards on office building corridor comers 
10305 Manufactured fireplaces
- dining building
10310 Fireplace specialties and accessories
- fireplace screens and doors in dining and lounge buildings 
10415 Bulletin boards
- dining and lounge buildings 
10420 Plaques
- directory plaque at entry to complex 
10430 Exterior signs
• non-illuminated exterior signs foridentification on each building 
10440 Interior signs
- non-iiluminated interior door signs; iliuminated exit signs 
10522 Fire extinguishers, cabinets and accessories
- one or more in each public building 
10655 Accordion folding partitions
- separation for food areas off of seminar rooms; divider for conference room in office
building
10810 Toiiet accessories
- commercial toilet accessories for public toilets 
10820 Bath accessories
• residential bath accessories, shower and tub doors for lodging units 
10900 Wardrobe and closet specialties
- coat racks for coat room in dining building, closets in residential units
DIVISION 11 -  EQUIPMENT
11018 Housekeeping carts 
11026 Safes
- central safe in office building
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11050 Library equipment
- library in office buiiding 
11080 Registration equipment
- key control equipment for lodging units 
11112 Wasfiers and extractors
- laundry room
11116 Drying and conditioning equipment
- laundry room 
11132 Projection screens
- electric, switcfi operated, one in eacfi seminar room 
11134 Projectors
- video projectors in 3 large conference rooms 
11162 Dock lifts
11165 Dock bumpers
- loading dock behind kitchen building 
11405 Food storage equipment
- freezer and refrigerator compartments in kitchen building 
11410 Food preparation equipment
11415 Food delivery carts and conveyors 
11420 Food cooking equipment 
11435 Ice machines
- located at main kitchen and outside small lounges among lodging units 
11440 Cleaning and disposal equipment
11445 Bar and soda fountain equipment
- dining and bar/lounge buildings
- volleyball, basketball and tennis court equipment 
11492 Exercise equipment
- recreation/weight room building 
11680 Office equipment
- office building
11720 Examination and treatment equipment
- clinic 
12050 Fabrics
12120 Wail decorations 
12140 Sculpture
- dining building lobby, small courtyards 
12170 Stained glass work
- apses in dining building 
12304 Plastic iaminate faced casework
- food preparation areas adjacent to seminar rooms 
12380 Hotei and motel casework
- bath casework in lodging units, restaurant casework 
12540 Curtains
- draperies in lodging units 
12620 Furniture
- specialized fumiture for offices, seminar rooms, dining, lounge, logding units 
12650 Fumiture accessories
- clocks, lamps, waste receptacles 
12690 Floor mats and frames
- entrance mats at entries to public buildings 
12810 Interior plants
- lobby and dining area, lounges 
12820 Interior planters
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- lobby and dining area, lounges 
12830 Interior plant maintenance
DIVISION 13 - SPECIAL CONSTRUCTION
12083 Cold storage rooms
- food storage off kitchen 
13052 Saunas
- recreation/weight room building, 1 each for men and women 
13152 Swimming pools
- below grade swimming pool 
13170 Tubs and pools
- 2 spas in peripheral spa areas 
13815 Environmental control systems 
13825 Security systems
13845 Alarm and detection systems
- office building
DIVISION 14 - CONVEYING SYSTEMS
14240 Hydraulic elevators
- 2 office buiidings, 2 large lodging buildings, observation tower
DIVISION 15 - MECHANICAL
15060
15100
15130
15140
15150
15160
15170
15175
15190
15240
15260
15280
15290
15310
15320
15300
15375
15410
15430
15440
15450
15475
15510
15515
15530
Pipes and pipe fittings 
Valves
Piping specialties
Supports and anchors
Meters
Pumps
Motors
Tanks
Mechanical identification
Mechanical sound, vibreation, and seismic control
Piping insulation
Equipment insulation
Ductwork insulation
Fire protection piping
Fire pumps
Wet pipe sprinkler systems 
Standpipe and hose systems 
Plumbing and piping 
Plumbing specialties 
Plumbing fixtures 
Plumbing equipment
- domestic water heat exchangers, drinking water cooling systems, storage tanks, water 
heaters
Pool and fountain equipment
- large central pool and attached fountain; fountains in individual courtyards 
Hydronic piping
Hydronic specialties 
Refrigerant piping
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15535 Refrigerant specialties
15540 Refrigerant pimps
15545 Chemical water treatment
15555 Boilers
15570 Boiler accessories
15575 Breechings, chimneys and stacks
15580 Feedwater equipment
15590 Fuel handling systems
15610 Fumaces
15655 Refrigerating compressors 
15670 Condensing units 
15680 Water chillers 
15710 Cooling towers 
15730 Liquid coolers 
15740 Condensers 
15855 Air handling units with coils 
15860 Centrifugal fans 
15885 Air cleaning devices
- filters 
15890 Ductwork
• metal ductwork 
15610 Ductwork accessories 
15920 Sound attenuators 
15930 Air terminal units
- VAV boxes
15940 Air outlets and inlets 
15970 Control systems 
15960 Instrumentation
15991 Mechanical equipment testing, adjusting and balancing
15992 Piping systems testing, adjusting and balancing
15993 Air systems testing, adjusting and balancing
15994 Demonstration of mechanical equipment
15995 Mechanical system startup/commissioning
DIVISION 16 - ELECTRICAL
16120 Wires and cables
16130 Boxes
16140 Wiring devices
16150 Manufactured wiring systems
16160 Cabinets and enclosures
16190 Supporting devices
16195 Electrical identification
16410 Power factor correction
16415 Voltage regulators
16420 Service entrance
16425 Switchboards
16430 Metering
16435 Converters
16440 Disconnect switches
16450 Secondary grounding
16460 Transformers
16470 Panelboards
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16475 Overcurrent proective devices 
16480 Motor control 
16485 Contactors 
16490 Switches 
16501 Lamps
15602 Luminaire accessories 
16510 Interior luminaires
- fluorescent lighting in seminar rooms, recreation/weight room building, kitchen, offices; 
HID lighting in dining, lounges, bar/lounge building, offices
16520 Exterior luminaires
- parking floodlights, buiiding illumination, tennis and volleyball court lighting, sign 
lighting, lighting of outdoor courtyard spaces
16535 Emergency lighting
- all buildings 
16545 Underwater lighting
• pools and fountains 
16720 Aiarm and detection systems
- smoke detection systems in all buildings, intrusion detection systems in office building 
16740 Voice and data systems
- telephone and data systems in office buildings 
16770 Pubiic address and music systems
- seminar rooms
16915 Lighing controls systems
- dimming systems in seminar, lounge, dining, monument 
16920 Environmental systems control
16940 Instrumentation
16960 Electrical equipment testing
16970 Electrical systems startup/commissioning
16980 Demonstration of electrical equipment
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Project Est mate; The Knolls Retreat Center at Lake Mead
1 2 3 4 5 6 7 8 9 10
Gen. Cond. Sitework Concrete Masonry Metals Wood/Plast Ther/Moist Door/Wind Finishes Speciaities
Seminar 0 0 $16,329 $53,903 $35,733 $0 $28,593 $119,203 $78,301 $13,330
0% 0% 4% 14% 9% 0% 7% 30% 20% 3%
Meditation $0 $0 $7,125 $0 $5,069 $2,267 $6,383 $7,019 $18,785 $0
0% 0% 10% 0% 7% 3% 9% 10% 27% 0%
Assembly $0 $0 $35,825 $40,801 $29,797 $6,328 $5,558 $62,509 $23,753 $3,996
0% 0% 14% 15% 11% 2% 2% 24% 9% 2%
Office #1 $0 $0 $178,058 $50,301 $93,665 $1,122 $22,799 $248,427 $88,810 $7,573
0% 0% 20% 6% 10% 0% 3% 27% 10% 1%
Office #2 $0 $0 $92,590 $26,157 $48,706 $583 $11,855 $129,182 $46,181 $3,938
0% 0% 20% 6% 10% 0% 3% 27% 10% 1%
3-Unit Lodgi $0 $0 $11,931 $15,766 $782 $681 $7,327 $10,727 $17,033 $439
0% 0% 13% 18% 1% 1% 8% 12% 19% 0%
3-Unit Lodgi $0 $0 $441,447 $583,342 $28,934 $25,197 $271,099 $396,899 $630,221 $16,243
37 addt'l 0% 0% 13% 18% 1% 1% 8% 12% 19% 0%Lg. Lodging $0 $0 $158,606 $218,295 $42,106 $0 $53,238 $82,917 $66,205 $14,206
0% 0% 21% 29% 6% 0% 7% 11% 9% 2%
Lg. Lodging $0 $0 $122,127 $168,087 $32,422 $0 $40,993 $63,846 $50.978 $10,939
0% 0% 21% 29% 6% 0% 7% 11% 9% 2%
Lounge/bar $0 $0 $95,264 $37,498 $0 $55,158 $54,928 $121,347 $18,949 $5,731
0% 0% 16% 6% 0% 9% 9% 21% 3% 1%Exercise $0 $0 $35,248 $13,874 $0 $20,408 $20,323 $44,898 $7,011 $2,120
0% 0% 16% 6% 0% 9% 9% 21% 3% 1%Small Loung $0 $0 $52,395 $20,624 $0 $30,337 $30,210 $66,741 $10,422 $3,152
0% 0% 16% 6% 0% 9% 9% 21% 3% 1%Site $0 $2,468,600 $856,679 $301,410 $0 $0 $0 $0 $0 $0
0% 55% 19% 7% 0% 0% 0% 0% 0% 0%
Dining $0 $0 19% $28,817 0% $57,634 $64,839 $134,721 $36,742 $16,570
0% 0% 15% 4% 0% 8% 9% 19% 5% 2%
7J
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Equipment
12
Furnistiings
13
Special
14
Convey’g
15
Mectianical
16
Electrical
Subtotal Subcontr.
costs
Total
C/)(/) Seminar $711 $0 $0 $0 $32,445 $17,001 $395,549 $54,198 $449,747
o3 0% 0% 0% 0% 8% 4% 100% 14%
o Meditation $8,732 $0 $0 $0 $9,162 $5.811 $70,353 $14,973 $85,326
3 12% 0% 0% 0% 13% 8% 100% 21%CD
O Assembly $0 $9,072 $4,536 $0 $28,450 $14,483 $265,108 $46,167 $311,275O■D 0% 3% 2% 0% 11% 5% 100% 17%
Office #1 $0 $0 $0 $43,400 $96,141 $74,491 $904,787 $338,845 $1,243,632CQ-3" 0% 0% 0% 5% 11% 8% 100% 37%
i Office #2 $0 $0 $0 $22,568 $49,993 $38.735 $470,489 $176,199 $646,689<3 0% 0% 0% 5% 11% 8% 100% 37%
3-Unit Lodgi $0 $1,773 $0 $0 $16,206 $6,153 $88,818 $15,469 $104,287
"n 0% 2% 0% 0% 18% 7% 100% 17%
3- 3-Unit Lodgi $0 $65,601 $0 $0 $599,622 $227,661 $3,286,266 $572,353 $3,858,619
CD 37 addt'l 0% 2% 0% 0% 18% 7% 100% 17%
S Lg. Lodging $0 $14,517 $5,112 $0 $82,538 $26,250 $763,990 $143,628 $907,618■D3 0% 2% 1% 0% 11% 3% 100% 19%
Q. Lg. Lodging $0 $11,178 $3,936 $0 $63,554 $20,213 $588,272 $110,594 $698,866
a 0% 2% 1% 0% 11% 3% 100% 19%O3 Lounge/bar $56,744 $10,418 $0 $0 $82,736 $50,526 $589,299 $191,385 $780,684
■o 10% 2% 0% 0% 14% 9% 100% 32%O3" Exercise $20,995 $3,855 $0 $0 $30,612 $18,695 $218,041 $70,812 $288,853
CT 10% 2% 0% 0% 14% 9% 100% 32%
CDQ. Small Loung $31,209 $5,730 $0 $0 $45,505 $27,789 $324,114 $105,262 $429,376
$ 10% 2% 0% 0% 14% 9% 100% 32%
3" Site $0 $0 $863,743 $0 $0 $0 $4,490,432 $1,038,535 $5,528,967
0% 0% 19% 0% 0% 0% 100% 23%
"OCD Dining $80,688 $23,774 $14,409 $0 $95,097 $57,634 $720,431 $176,053 $896,484
3 11% 3% 2% 0% 13% 8% 100% 24%
C/)(/)
7J
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3 " Total Manhours. Material, Labor & Eqpt. $16,230.423
T 3
CD Overhead; 8% Indirect overhead $1,298,434
3 5.8% Direct overhead $941,365
(/)(/) 8% Profit $1,298,434
O
3 2% Contingency $324,608
O Estimate Total $20,093,263
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I
1
I MONUMENT & TOWER 7 DINING
2 MEDITATION 9 SEMINAR ROOMS 8 MECHANICAL BLDG II LOUNGE
15 HORSESHOES 16 PUTTING GREEN 19 BARA.OLNGE
U. OFFICES 17 WEIGHT ROOM 20 GARDEN
5 RECEPTION 6  POOL 9 LODGING UNITS 12 BARBECUE AREA O  VOLLEYBALL 18 TENNIS 21 CAME FIELD
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Photos by author Vicinity at Lake Mead
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